Functional dendrimers: synthesis and applications. by Mak, Chi Ching. & Chinese University of Hong Kong Graduate School. Division of Chemistry.
！ . 
Functional Dendrimers: 
Synthesis and Applications 
by 
X 
Chi Ching MAK � \ 
A thesis submitted to the Chemistry Division, 
Graduate School, the Chinese University of Hong Kong 
in partial fulfilment of the requirements 
for the degree of 
Doctor of Philosophy 
(1996) 
Thesis Committee: 
Prof. Henry N. C. Wong (Chairperson) 
Prof. H.-F. Chow 
Prof. Tony K. M. Shing 
Prof. W. H. Chan (Additional External Examiner) 
Prof. Dr. D. Seebach OExtemal Examiner) 
/!^^% 






 : : : , t > 4 i 
:
 -












 . ^ ^ 4 ¾ 
.



























 - 〕 、 ： 
i ^
 \ 、
 \ ^ 
n
 , .






 1 ^ 
r
 ' i 
u











 . « 」 £ 
^
























 r f - , A 
D
 .
 . . , . . . ,
 .




 > 、 
r
 ,

















. r . . .







































 K . 1
 r v


























J . ¾ 
—
 . _ .
 、 “
 - • • -
 -





 - ¾ .
 -
 -




 . . , 〔












 , ^ 




 . r i . :
 . , ; . . ,
 -今  .




 . . . .














 ^ ？ ， 
• .
 • - f
 《 . >






 • . . > • .






 , 3 








 . , ,







 . ¾ : * ,
 ,
 . . . • .
 - - ,

















A • . - . . .



































































 . . .
 ; i
 0 -



























 . « ,














 : ? : :
 .

















 . . .
 .
 •
 . . *
 . ; i
 • - -
 -
 = .
 . ; l - i l . - ^ . f _ 
. . . . •
 ^


























 • : . .
 . ;
 乂























































































 - 、 ， . — ： ， . , . - •
 1 :
 . . . .
 i
 /















































 . . .
 - . :






 - , , „






















 , 〜 ； 身
 ^ ^ 
- L ? 〜










 i . i















 f . ,
 «
 1 r f
 i





; ^ . . . . .
 : .
 , ^ .
 p l .
 •
 •







 t f f
 - i . . -
 . .
 . . . .
 . - -
 .
 ,




 . f .
 r l ^ ^ u l - - .
 J ? ^ r










 . - ^ ¾







, 4 v v .
 •:...















 巧 、 
•
 < M .
 . .
 .
 . . .
 .
 - . —
 .
 .她

















 i / , 
‘ y i
 - . : : "
 .
 . r -
 r >













 r v ^
 " i 
^
 p







 " . .
 :
 .




 ^ , ' f ^ 
f > ,
 ; > . . :
 - . ^




 • • -
 ; . „
 -
























 ^ ¾ 
- = •
 ^ ; . - ¢ .
 . . v . ,
 ..卜  -
 . .
 •









 - . - . . -



























 : . : .
 .
 :





















 . * ,
 i L .
 .











 〜 ^ ^ i
 V4
 ‘
 v ^ 





 - ! 5 <
 V ,
 - i






 泰 % 1 











 , T - “








 f i #
 丄 
_ • • :
 .:
 " . . .
 .











 ' ^ ？ ^ - . - . / ^ 
T

















































































List of publications originated from this thesis vi 
I Introduction to Dendrimer Chemistry 
1-1 Background 1 
1-2 Comparison of Dendrimer and Linear Polymer 6 
1-3 Synthesis 8 
1-3-1 Divergent-growth Approach 8 
1-3-2 Convergent-growth Approach 10 
1-3-3 Accelerated Approach 11 
n Functional Dendrimers 14 
n i Optically Active Dendrimers 
i n - 1 Background 18 
i n - 2 Architecture of Tartaric Acid-based Optically Active Dendrimers 23 
in_3 Results and Discussion 24 
in-3-1 Syntheses and Structure Elucidations of all (L)-Tartaric 
Acid-based Dendrimers 41 and 42 24 
in-3-2 Syntheses and Structure Elucidations of Optically Active 
Layer-block Dendrimers 43 and 44 29 
in-3-3 Structure-Optical Rotation Relationships 33 
in-3-4 Syntheses and Characterization of Higher Generation, 
Optically Active Dendritic Fragments 37 
• 1 
in-3-5 Conclusions 43 
TV Catalytic Dendrimers 
IV-1 Background 44 
IV-2 Syntheses and Characterization of Dendritic Bis(oxazoline) 
Copper(n) Catalyst 47 
IV-2-1 Architecture : 47 
IV-2-2 Syntheses of the Bis(oxazoline) Core Precursors 49 
IV-2-3 Syntheses of the Achiral Dendritic Sectors 51 
IV-2-4 Syntheses ofDendritic Ligands 52 
IV-3 Kinetics and Selectivity of Dendritic Bis(oxazoline)-Copper(n) 
Complex Catalyzed Diels-Alder Reaction 55 
IV-3-1 Introduction 55 
IV-3-2 Reaction Mechanism and Reactivity Kinetics 56 
IV-3-3 Substrate Selectivity 63 
IV-4 Syntheses and Properties of Optically Active Dendritic Bis(oxazoline) 
Ligands and Their Copper(II) Complexes Catalysts 65 
IV-4-1 Background 65 
IV-4-2 Syntheses and Characterization of Chiral Dendritic 
Bis(oxazoline) Ligands 109-112 67 
IV-4-3 Chiroptical Properties 72 
IV-4-4 Enantioselectivity of the Metal-catalyzed Diels-Alder 
Reaction- 73 
IV-4-5 Conclusions 74 
V Summary 75 
VI Experimental 77 
References 122 
Spectra 131 
• • 11 
Acknowledgments 
I would like to express my sincere thanks to my supervisor, Dr. H.-F. Chow, for 
his invaluable advice, patient guidance and encouragement during the course of my 
research and the preparation of this thesis. 
Thanks are also given to Prof. T. Y. Luh and Dr. Dominic T. W. Chan and his 
research team for recording mass spectra. 
Warm thanks are also given to Dr. M.-K. Leung for his occasional discussions on 
my research. 
I would like to thank Messrs. Yiu-Hung Law, Kwok-Wai Kwong and Wai-Ping 
Chung for their assistance in measurement for most of the mass spectra and some of the 
lH NMR spectra. 
Thanks are also given to my fellow students in Lab. G52, 53 and 54. 
This research was made possible by the generous financial support from the Hong 
Kong Research Grants Council. 
June, 1995 
Chi Ching MAK 
Department of Chemistry 
The Chinese University of Hong Kong 
Abstract 
A series of lower generation, optically active tartaric acid-based dendrimers 
and higher generation chiral dendritic fragments were successfully prepared 
without any defects by an iterative, convergent method. The structural-chiroptical 
properties of these molecules were fully investigated. Secondly, a series of achiral 
and chiral dendritic bis(oxazoline) ligands up to the third generation were again 
prepared by a convergent approach. Their copper(II) complexes were utilized as 
the catalysts for the metal-catalyzed Diels-Alder reactions. The reaction 
mechanism, catalyst reactivity and substrate selectivity for the achiral catalytic 
dendrimers were disclosed. Finally, the enantioselectivity of the chiral catalytic 




Anal. analytically M moles per liter 
Ar 4-f^rr-butylphenyl MALDI matrix assisted laser 
desorption ionization 
Bn benzyl Me methyl 
hr broad MHz megahertz 
b.p. boiling point min minute(s) 
nBu n-butyl mM millimoles per liter 
tBu tert-buiyl mmol millimoles 
c concentration (g/mL) mol mole(s) 
� C degree Celsius m.p. melting point 
calcd calculated MS mass spectrometry 
Cp cyclopentadiene m/z mass to charge ratio 
d day(s) or doublet NMR nuclear magnetic resonance 
dd doublet of doublet Ph phenyl 
dt doublet of triplet ppm part per million 
ee enantiomeric excess q quartet 
DMF A ,^A -^dimethylformamide quin quintet 
EI electron impact r.t. room temperature 
ESI electrospray ionization s singlet 
EtOAc ethyl acetate t triplet 
Et2O diethyl ether THF tetrahydrofuran 
FAB fast atom bombardment TLC thin layer chromatography 
g gram(s) TMS tetramethylsilane 
h hour(s) TOF timeoffIight 
Hz hertz Ts p-toluenesulfonyl 
JR infrared UV ultraviolet 
J coupling constant 
+LSIMS liquid secondary ion mass 
spectrometry 
m multiplet 
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I Introduction to Dendrimer Chemistry 
1-1 Background 
Dendrimer is the name of a new family of oligomeric or polymeric materials. These 
are structurally uniform, highly branched fractal-like macromolecules synthesized by 
iterative reaction sequences from smaller monomeric units.^  The expression "dendrimers" 
was derived from the words dendrons (Greek for tree) and polymers. Some types of 
dendrimers are called cascade molecules or a r b o r o l s 2 ， 3 which are synonyms of English and 
Latin origin respectively. These words are usually used with the same meaning to describe 
highly branched polymeric structures resembling treelike architectures 
Most dendrimers are constructed in stages by repetitive synthetic cycles. As a 
result, a new generation is created after each reaction cycle. Dendrimer with one branching 
juncture originating from the central core is referred to as the zeroth generation (GO) 
(Figure 1). Attaching branch cells to the termini of GO produces the first generation 
dendrimer (G1). Iterative of this process provides dendrimer of higher generations. 
•�,>•�'• 
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Figure 1. Schematic diagram showing the "growth" of a dendritic structure. 
� 
The origin of this three-dimensional molecular-level branching concept can be 
traced back to the early forties. A series of papers was published^ by Flory which 
provided the theoretical basis and experimental evidence for the formation of highly 
branched, three-dimensional macromolecules by condensation polymerization. However 
the large polydispersity of the resulting polymer became the stumbling block for further 
investigations. It was only after forty years later then Vogtle reported the preparation of the 
first series of monodisperse dendritic m o l e c u l e s . 5 xhe iterative reaction cycle involved 
Michael addition of benzylamine 1 to acrylonitrile to give the dinitrile compound 2 
(Scheme 1) and the reduction of the nitrile to the diamine 3. The diamine 3 was then 
subjected to the same reaction sequence to afford the tetranitrile 4 and the tetraamine 5 of 
the next higher generation. Although there were problems associated with the nitrile 
reduction which limited the continued growth of this series of cascade molecules. 
Nonetheless this was the first example of "cascade synthesis" reported in the literature that 
provided pure monodisperse dendritic molecules. 
P h P h 
Ph ^ C N N Co(ll), NaBH4 ^ N 
^ , u A c O H r 1 M e O H J 
叫 AcOH N c � � C N ^ S 
1 NH2 NH2 
1 Z 3 
Ph^ Ph^ 
/ N . /N 
^ C N J 1 Co(ll), NaBH4 J L 
AcOH N^  1 ^ " ^ ^ ^ ^ X X 
N C C N N C C N N H , N H , N H , N H , 
4 5 
Scheme 1. The first cascade-like synthesis of monodisperse dendritic polyamines. 
In 1 9 8 3 ， D e n k e w a l t e r ^ reported the synthesis of amino-acid containing dendritic 
polyamides 6. Using benzhydrylamine as the initiator core and an activated ester of Boc-
protected L-lysine as the branching reagent, dendritic polyamides up to the tenth generation 
could be synthesized via simple protection/deprotection methodology. 
,BOC 
HN 
B O C � X \ x ^ v ^ « A ^ O 
H HN 
\ H “ 广 
> - N . A ^ , , . ^ ^ .BOC 
, B O C 0 = < T H 
H? H s r H 
COB. ^^V,X-^X>Y ^^^^^^^^Y^ N "^"^ ^^ "^ ^^ --^  Nv^ Ph 
H 0 O ^ N H “ 0 P h 旧 ^ ^ ^ ^ 广 。 ‘ H BOC 5 
By 1985, two separate synthetic groups began to publish their research work on 
dendrimer synthesis. Tomalia^ discovered that a variety of amines could be added to 
methyl acrylate and the product subsequently amidated with a,co-diaminoaUcanes to give 
cascade molecules such as 7. This growth was dramatically influenced by both the 
geometry and multiplicity of the initiator core, as well as by the reiterative chemistry. 
HaN 
, ,2 ^ N ^ O 
S T HVNHa 
HN Ku/^ 
r 广 
^ I HN 
V ^ N � o � O 
/-N N^ \ 
H 2 N ^ H H ^ - ^ N } H， 
NH r 
" ^ : ° 1 0 广 
^ N H , ^ o q L 
� H J < B ^ c ^ r V 
y ^ v ^ N — 0 \ N^ 
r^ 0 p (^o �NH2 
HN^ O ko HN^  — HN u 飞 0 
NHa / J P ^ N � N H 2 
〜口广 \ ^ 0 HN )^ H 
H2N 0 二 ^ 
L NH2 7 NH2 
Molecular simulations and physical m e a s u r e m e n ^ l a，8 on these polyamidoamine (PAMAM) 
dendrimers indicated that the average structures for the early generations were very open-
branched while the higher generations were more dense with spheroid-like topologies. 
At the same time, Newkome employed different synthetic strategies and building 
blocks towards divergent dendrimer construction. A simple two-step nucleophilic 
substitution-amidation procedure was utilized to synthesize a series of polyamide-type 
dendrimers 8.2，3 These molecules had a unique spherical hydrophilic surface covering a 
compact lipophilic core and the attachment of additional hydrophilic shells to the 
hydrocarbon backbone at the higher generations affected their aggregation and micellar 
properties. These arborols were also known to form thermally reversible aqueous g6fi^ in 
water. 
( 糊 第 产 “ 二 ^ ^ ^ 





In 1990，Frechet introduced the convergent-growth approach^ as an alternative 
method for the synthesis of dendrimers. The synthesis begins at what will ultimately 
become the outside or peripheral sectors of the dendrimers and propagates towards the 
central core. With the introduction of this methodology, various organic, inorganic and 
organometallic dendrimers of different structures and properties have been p r e p a r e d . l b , f 
Up until recently, one of the prime objectives in dendrimer research was to prepare 
dendrimers with the highest generation and the largest molecular mass. For examples, the 
metallodendrimer made by BalzanpO containing 22 ruthenium ions was the largest 
transition-metal complex of its kind. Poly(amidoamines) (PAMAM),1 ^ 
polypropyleneaminesll and silicon d e n d r i m e r s , 1 2 on the other hand, represented the 
highest generation dendrimer series prepared so far. The fourth generation polyacetylene 
dendrimer prepared by Moorel3 with a molecular formula of C1398H1278，was the heaviest 
monodisperse hydrocarbon molecule reported in the literature. 
Because of the unique structure of dendritic molecules, research scientists used to 
work in conventional organic chemistry began to look into this particular branch of polymer 
chemistry. Recently, emphasis in dendrimer research has shifted to the preparation of 
functional dendritic molecules with unique properties.lb,f For example, S h i n k a i l 4 reported 
the synthesis of dendrimer 9 containing multiple crown ether units. Although no 
cooperative metal binding ability was observed amongst these crown ether functionalities, 
they were capable of solubilizing myoglobin in a positive allosteric manner. 
EtO OEt 
EtO 一 0 0^  OEt 
� � � � > " � 
X , ¾ 
(� ^ � 0 \.^ v ^ V 
l ^ N ^ 
���� W =0 
f^o^^AX^ro^ 
E � ( � � — J � L � ) 0 ^ � ) � E ' 
BO"C °^^ N^ ° . °^ N^ °^  °>OEt 
J " < P 9 ' 卞 ： 
E ) 0 °^OE. 
Such examples of functional dendritic molecules with novel molecular properties 
serve as a new starting point in dendrimer research. Because dendrimer molecules can be 
prepared with high molecular weights with nanoscopic dimension, they are novel polymers 
with practical applications. Moreover, because dendrimers have highly regular and 
predictable patterns of growth, one can manipulate not only their interior but also exterior 
characteristics. Indeed the adjustable physical and chemical properties of dendrimers are 
their most striking features. The hierarchical architecture also promises interesting 
properties and applications. Hence, dendrimer chemistry could serve as a bridge between 
conventional organic/inorganic and polymer chemistry. 
This thesis is concerned with two particular aspects of dendrimer chemistry. The 
first part deals with the preparation and property investigations of a series of opticaUy active 
dendrimers and dendritic fragments. The second part investigates the use of these dendritic 
fragments for the preparation of catalytic functional dendrimers, with the objective to look 
at the influence of these dendritic sectors on the catalytic properties of these functional 
dendritic molecules. 
1-2 Comparison of Dendrimers and Linear Polymers 
An important difference between linear polymer and dendrimer is their difference in 
molecular morphology. Linear polymers are usually mixtures of molecular chains with 
entanglement and thus no two linear polymer chains can have the same conformation. Li 
contrast, multiple branching of dendrimers gives rise to a very high number of terminal 
functional groups, which in tum leads to a relatively compact and defined structure. There 
is，in fact, an impressive list of demonstrated physical and chemical properties attributed to 
dendrimers that clearly differentiate them from classical polymer s y s t e m s . l d J 5 Amongst 
them are controllable nanoscale dimension and molecular shape design, precise molecular 
mass and tunable surface property. On the other hand, in both random-coil and cross-
linked polymers, monomers are joined into long chain molecules having varying lengths 
and sizes and the precise internal arrangements are impossible to predetermine. 
Because of their unique shapes and morphologies, dendrimers indeed have very 
unusual physical as well as chemical properties. As mentioned before, these cascade 
molecules undergo a transition from an extended to a globular shape as the molecular 
weight increases along a homologous series.la,ld,8 This transition is readily observed in a 
plot of intrinsic viscosity versus molecular weight of a series of polyether dendritic 
m o l e c u l e s . l 5 a Por classical linear polymers, the viscosity increases sharply with increasing 
molecular weight. Unlike linear polymers, dendrimers do not follow this relationship. 
Listead the viscosity increases initially with increasing molecular weight and then begins to 
drop once a threshold molecular weight is attained. The existence of a molecular weight 
threshold within a dendritic series could be further supported by molecular modelling^ and 
substantiated by solvatochromicl6 and other measurements.^ ^ Frechet demonstrated that 
dendritic and linear polyesters with comparable molecular weights and similar number of 
monomer units exhibited significantly different solubility p r o p e r t y . l5c Jn a solubility test 
with tetrahydrofuran, the solubility of the dendrimer 10!8 was found to be remarkably 
high, reaching L15 g/mL as compared to 0.025 g/ mL for the analogous linear polyester 
11.15c Miller and Neenanl9 also reported more than 10^ fold solubility enhancement for 
dendritic poly(phenylene) as compared to linear polyO?-phenylene). 
BnO,,,^^OBn 
\ ^ BnCX^^^ ^^ O^Bn 
V ^ ^ y ° � � B " 
1^ �oBn 1 OBn 
"^V^°V°^" 0 " ° 句 爲 ° ^ ° ^ " 
OBn 10 OBn H 
Jn addition to differential solubility, a marked difference in chemical reactivity in the 
heterogeneous catalytic hydrogenolysis of both the aforementioned dendritic 10 and linear 
1 1 polyesters was n o t i c e d . l 5 c Only the dendritic polyester 10 can be cleanly 
debenzylatedl8 whereas the benzyl groups inside the linear polymer 11 remained intact 
under a variety of reaction conditions. Obviously, the enhanced reactivity could be the 
result of the higher solubility of the dendritic analog in the reaction medium. Nevertheless, 
the unusually high solubility and reactivity may be attributed to the globular architecture of 
the dendrimer, since their chain ends are more accessible to the reaction medium and the 
catalyst surface. 
1-3 Synthesis 
1-3-1 Divergent-growth Approach 
This divergent synthetic approach was developed during the period between the late 
seventies and the early eighties with key contributors such as V5gtle,^ Denkewalter,6 
T o m a l i a 7 and Newkome . 2 The principle of this method involves growth from a central 
. K f p V p V " c""<fp 
!r tp fp\ I Jp activation f \ | Jr fp 
fr- i- fr ^ > - * ^ ^ > ~ ? ~ < ^ 
l' coupling \^ I fp fr 人 fr cx)upling 
*" f f f, f 
central core 'P 'P 'r 'r 
Zeroth generation (GO) f p f p fr fr 
^ \ ' " v > f r : S ^ f 7 r 
f p - ^ V T _ ^ f p activation^ f r A ^ T _ / ^ ^ x _ ^ _ ^ _ ^ 
f p y T T ^ f p f ^ ^ T ^ j r V " 
f p V A V P f r W V f � 
fp t； fr fr 
First generation (G1) 
Figure 2. Divergent synthetic strategy of dendrimer growth. 
core, whereas branching is encouraged via a series of repetitive addition and activation 
steps which multiply the number of branches. This method is characterized by the rapid 
increase in the number of reactive groups at the periphery of the growing macromolecule 
OFigure 2). 
The initiator central core contains multiple number of reactive functionality fr which 
reacts with bifunctional monomer units [(cfp)n, n > 2] to give the zeroth generation 
dendrimer (Figure 2). In reality, only one of the functionalities (e.g. C) is capable of 
forming a linkage to fr while the other protected functional moiety fp remains intact under 
the coupling condition. The end-group of the zeroth generation dendrimer, fp, can be 
converted into the reactive group fr for further reaction with additional monomer units to 
give the first generation dendrimer. Iterative of these processes allow rapid geometric 
growth in the number of surface groups. On the other hand, the radius of the dendrimer 
increases in an arithmetic fashion. As a result, a self-limiting size (generation) will occur 
for any dendrimer series since the surface groups in higher generations are too congested 
for further growth without creating structural defects. 
Since the number of terminal functional groups increases abruptly with increasing 
generations, incomplete reaction of all terminal groups is a potential risk and consequently, 
the occurrence of structurally defects in the high generations is virtually inevitable. 
Moreover, large excess of reagents that are required to force the reaction to completion may 
lead to difficulties in product purification. Nevertheless dendrimer synthesis based on this 
divergent method is still widely used. 
1-3-2 Convergent-growth Approach 
An alternative approach to dendrimer synthesis was developed independently by 
Hawker and Frechet^ and by Miller and N e e n a n ) 0 The synthesis begins at what will 
ultimately become the outside or periphery sectors of the dendrimers. The dendritic sector 
is then constructed towards the central core. This involves a reiterative coupling of 
protectedMeprotected branch cells to produce a focal point functionalized dendron followed 
by a divergent core anchoring step to produce various multi-dendron dendrimers (Figure 
3 ) . 
Vcoupling S - v ^ activation _ S - ^ _^  ^~^^ C fp � 3 少 ' " s ^ ' coupling ‘ 
c - : - c ^ S ) 1 S 
s ^ ^ s ^ _ i S v W > ^ , S 
s — ^ “ \ , activation^  S ^ \ * core \ \ ^ ^ / 
; s ， 。 s ^ : = ¾ ¾ = : 
fr = reactive group ^ y ^ y ^ ^ S 
fp = protected group ^ ^ \ / 3 
S = surface 3 5 
C = interior 
Figure 3. Convergent synthetic strategy of dendrimer growth. 
In the convergent synthetic strategy, each successive generation is synthesized in 
stepwise fashion producing a new dendritic molecule in which a single reactive group (fr) 
located at the focal point of all branches is used for further growth. In contrast to the 
divergent approach, the low number of possible side reactions and the easy controllable 
number of reactive groups required for generation growth allow the synthesis of 
monodisperse dendritic molecules with a high degree of control. Since this approach has a 
high degree of control over the number and placement of functional groups at the periphery 
as well as in the interior of the dendritic macromolecule, novel types of dendritic block 
c o p o l y m e r s 2 l and functional dendrimers can now be prepared with relatively ease. 
1-3-3 Accelerated Approaches 
The convergent or divergent growth approach deployed in dendrimer synthesis 
involves stepwise, tedious and time-consuming synthetic processes. To allow higher 
molecular weight dendrimers of narrow dispersity to be prepared in multigram quantities, 
alternative synthetic strategies have been developed. One limitation of the convergent 
growth approach is that, as the sizes of the dendritic wedges increase, they are more 
susceptible to steric inhibition at the focal point which tends to get internal buried. In 1991, 
^ ^ 十 
p N j _ ^ P > . > ^ core 
V f . + V f p ~ ~ ^ g t > f p — P p > ^ ^ f r - ^ 16 
p c > ^ p r 
1 2 1 3 K 1 4 P y ^ 1 5 P 
p^ 5Sh 乂 
^^^^^^^^^  y^^^^^^"^^^^ /C^^ ^^j^^ 
P ^ 7 ^ ^ r ^ y ^ ^ h \ r r macromolecule 18 I 
• 龜 U 
嚇 
1 7 
Scheme 2. Schematic diagram to illustrate the double-stage convergent 
growth approach. 
Fr6chet reported a double-stage convergent a p p r o a c h 2 2 (Scheme 2) for the rapid synthesis 
of high molecular weight dendritic macromolecules. ln this process, a dendritic molecule 
17 that carries at least one reactive functional group at each of its numerous chain 
extremities is prepared by convergent approach and is then used as a hypercore to attach to 
other preformed dendritic fragments 15 through their single focal point reactive group. 
The first stage of this approach is the preparation of the flexible hypercore moiety. 
Coupling of protected surface moiety 12 with a monomer unit 13 that carries at least two 
coupling sites (c) and a protected function group (fp) affords 14. Repetition of the 
previously described convergent s t r a t e g y 9 ’ 2 0 leads to dendritic fragment 15. Coupling of 
15，which contains a single reactive functional group (fr) and a large number ofprotected 
surface groups (p), to a normal core molecule gives a dendritic macromolecule 16. 
Deprotection of the protected groups gives the desired hyperfunctionalized core molecule 
17. The second stage of this approach involves reaction of dendritic fragment such as 15 
to the hypercore 17 to give hyperbranched macromolecule 18 of much higher molecular 
,'-8^  
weight. 
Soon afterwards, two new synthetic variants with slight modifications, namely, 
two-monomer a p p r o a c h 2 3 and branched-monomer a p p r o a c h 2 4 were disclosed by Frechet. 
1^ the former one, the procedure requires the use of two types of AB2 monomers which are 
added stepwise to a previously formed first generation dendrimer in a convergent manner to 
produce a third generation dendritic molecule without any need for intermediate purification 
or activation procedures. The latter one employs, on the other hand, the more highly 
branched AB4 monomer instead of a doubly branched AB2 monomer in the convergent 
approach for the accelerated synthesis of dendrimers. 
Recently, Moore reported a "double exponential dendrimer growth" strategy for the 
synthesis of a series of hydrocarbon d e n d r i m e r s . 2 5 This process begins with a 
trifunctional monomer of the type f1 p(f2p)2 19 and involves the repetitive use of a set of 
three reactions: a) selective deprotection of f1 p to f1 r to give 20 in one condition, b) 
selective deprotection of f2p to f2r to give 21 in another reaction condition and c) 
subsequent coupling of the two monoprotected intermediates 20 and 21 in a proper 
stoichiometric ratio (Scheme 3). The first generation dendron 22 is a trimer obtained by 
coupling the monoprotected derivatives of 20 and 21 in a 2:1 ratio. Monodendron 22 has 
the types of functional groups identical to the monomer 19 except that the number of 
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Scheme 3. The first two generations of double exponential dendrimer growth. 
peripheral f2p groups are doubled. Repeating this process in a 4:1 ratio from 23 and 24 
provides the second generation dendron 25 with now 16 peripheral f2p groups. Although 
such strategy is significantly accelerated relative to the aforementioned dendrimer synthetic 
methods, a pair of orthogonal protecting groups is required and the number of generations 
that can be reaHzed before steric crowding occurs is very limited. 
II Functional Dendrimers 
Early research efforts in dendrimer chemistry were mainly devoted to the 
preparation and property investigation of dendrimers of high molecular mass and 
generation. Emphasis in this area has recently switched to the preparation of dendrimers 
with specific functionalities and their potential applications. Through judicious selection of 
dendritic building blocks and functional group moieties, it is now possible to precisely 
control the physical and chemical behavior of the resulting functional dendrimers, giving 
rise to new materials with desirable propert ies . lb， f 
There are several ways by which functional moieties can be attached to dendritic 
fragments. One strategy is to attach the functionality into the interior of the dendrimer. In 
this situation, the functional group of interest is encapsulated inside a dendritic envelope, 
thus providing a good opportunity to investigate the intemal properties of the dendrimer by 
ji» 
observing the property change of the functional group. For examples, constructing a 
dendrimer scaffolding around a porphyrin or cyclophane core and hence modulating their 
properties have been successfully accomplished by Inoue^^ and Diederich.27,28 in a 
fluorescence quenching study, Inoue26 reported dendritic porphyrin behaved as a trap for 
small quencher molecules while relatively large molecules were effectively insulated from 
the porphyrin centre due to the presence of sterically bulky dendritic fragments. Similarly, 
the dendritic porphyrins 2627 and dendrophanes 2728 prepared by Diederich served as 
biological mimics for heme-containing proteins such as cyctochrome c and globular protein 
receptors respectively. His findings suggested that the dendritic shell could influence the 
microenvironment around the specific functional moieties and also their redox and receptor 
binding behavior. 
仆 , ） 磁 攀 摩 f e 
鹩腾^^ 
、 汽 ” 離 广 # — ^ ^ ^ 礎 
:•脚！麟 
L ^ R^  R R ^  
R = -j_cTWr">- I R = COOH, COOMe | 
26 27 
Apart from placing the functionality into the interior of a dendrimer, it is also 
possible to place a functional group at the periphery position. Li this case, one can study 
the influence of the surface sector on the properties of the functional moiety. Moreover, if 
more than one functional groups are attached onto the surface of a dendritic molecule, the 
resulting molecule will be an ideal model for studying allosteric interactions amongst these 
functional units. For example, S h i n k a i l 4 reported the synthesis of a dendrimer 9 bearing 
multiple crown ether units along its periphery sector. They provided evidence that these 
dendrimers not only formed complexes with metal ions, but were also capable of 
� solubiUzing myoglobin in organic solvents in a positive allosteric manner. 
F r 6 c h e t 2 9 and N e w k o m e , 3 0 on the other hand, demonstrated that carboxylic acid 
terminated cascade molecules 28 and 29 behaved as unimolecular micelles in aqueous 
solution and could be employed as recyclable solubilization and extraction systems for 
pyrene and as micellar substitutes for the separation of a homologous series of aUcyl 4-
hydroxybenzoate. 
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Over the past few years, functional dendrimers have also found applications in 
pharmaceutical and medical c h e m i s t r y . 3 1 For instances, the synthesis of dendritic sialoside 
inhibitors of influenza A virus haemagglutinin by Roy31f’g was one of the most impressive 
developments in the design of potential inhibitors of viral adhesions. This was because 
dendritic macromolecules with hyperbranched fractal structures were good mimic of multi_ 
^ 
j antennary glycoproteins and so they could circumvent the poor affinities of a-sialoside to 1 
I viral haemagglutins by the use of multivalent concept. On the other hand, Hensler3lh 
demonstrated PAMAM dendrimers could be utilized as gene delivery vectors. Moreover, 
they found that dendrimer-DNA complexes were even more efficient than liposomes in 
inserting gene into cells in culture and getting it expressed. Moreover, applications of 
functional dendrimers as materials for engineering plastics,32 liquid crystals,33,34 
conducting polymers35 and detector probes36 have also been well documented. 
Recently, another new direction in dendrimer chemistry had been reported by 
Meijer and Zimmerman. The large size and controllable internal and peripheral 
functionalities of functional dendrimers allow them to be used as ideal building blocks for 
assembling into larger nano and macroscopic s t r u c t u r e s .37>38 Meijer reported that dendritic 
block copolymers with amphiphilic character self-assembled into both micellar and 
vesicular superstructures.^^ On the other hand, Z i m m e r m a n 3 8 disclosed polyether 
dendrimer 30 at its focal point containing two isophthalic acid units covalently attached to a 
rigid aromatic spacer could self assemble in organic solvents via hydrogen bondings into a 
stable supramolecular hexamer 31. Its size and molecular mass were comparable to those 
of smaU proteins. 
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I Finally, the preparation of nanoscopic functional dendritic molecules which can be 
f used as catalysts as well as the incorporation of chiral elements into a dendritic matrix to 
I . 
create chiral dendrimers which may display enantioselective recognition and complexation 
properties are two additional areas of topical interest. Concurrent with these activities, this 
thesis reports the successful preparation of a series of tartaric acid-based optically active 
dendrimers and the incorporation of a bis(oxazoline) functional unit into these optically 
active dendritic matrice. The resulting bis(oxazoline) functional dendrimers can be used as 
ligands in metal-catalyzed Diels-Alder reaction. The chiroptical, catalytic and selectivity 
properties ofour dendrimers wiU be disclosed in the following chapters. 
III Optically Active Dendrimers 
III-1 Background 
Significant advances have been achieved in the synthesis of dendrimers with novel 
core structure, branching pattems, interior cavity size, topology and surface properties. 
Nevertheless, relatively few examples have been disclosed on the preparation and 
properties of optically active dendrimers. In the past, most of these examples involved the 
use of biomolecules such as carbohydrates，3lf，g n u d e o t i d e s 3 l e or amino a c i d s 6，3 9，4 0 as 
chiral elements for the construction of chiral dendrimers. One of the earlier studies by 
Roy31f>g involved the attachment of eight optically active sialinic acids to a dendrimer 
matrix. Preliminary examinations with influenza A virus indicated such chiral dendrimer 
was a strong inhibitor of erythrocyte hemagglutination. On the other hand, Tam and other 
research groups reported that peptide dendrimers31a-b,41-46 had useful applications in 
developing v a c c i n e 3 l a ， 4 7 and artificial enzyme systems.48 
^ i ” b 
热 。 ? ％ ) 叙 
S ^ ^ ^ # � ^ ° : ^ 5 ^ 
" x ^ ; v C ： 雙力 ZT?S" 
“ c y 32 " ^ -
Despite all these developments, there has been relatively little exploration of optical 
rotation properties of chiral dendrimers. Newkome was probably the first to report the 
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structure-chiroptical relationship of a series of tryptophane-terminated chiral dendrimer 
32.39 However, it was Seebach who first initiated a systematic study on the synthesis and 
structural property investigations of chiral d e n d r i m e r s . 4 9，5 0 Using optically active 
ms(hydroxylmethyl)methane5l as the chiral central core, several chiral dendrimers 33 - 35 




\ P MeO ^ ^ 
J o ^ O ^ ^ V OM« 
'0 OM» *"V*�OM 
. ^ � … - � < � � �1 『 
3 ^ 。 令 孟 . ^ . i . > 4 � " ^ � � 
〜乂和；$、於 “ 
r K Os MeC^Y^OMe 7^ <X 
**^^*^ M - ^ O M , M < ? ^ ^ ^ ^ ^ ^ ^ U 
从必 3 6 Y ^ - ^ ' ° ^ 3 7 
M«0 
as the generation number increased. Later, this work was extended to the preparation of 
chiral dendrimers 36 and 37 containing multiple chiral b r a n c h e s . 5 0 Examination of the CD 
spectra of these molecules suggested this series of chiral dendrimers of different 
generations might have different chiral conformations as they exhibited significantly 
different Cotton effects. 
Meijer also successfully prepared chiral poly(propylene imine) based l^ dendrimers 
38 that were terminated with amino acid d e r i v a t i v e s . 5 2 ， 5 3 Interestingly，it was noted that 
the specific rotations of these chiral dendrimers with narrow polydispersity decreased to 
almost zero on going from the first generation to the sterically congested fifth generation. 
This phenomenon was explained by the co-existence of conformational frozen isomers with 
enantiomeric relationship in the densely packed fifth generation dendritic environment. 
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Meijer also reported the synthesis of a racemic mixture of dendrimer 39^^ by 
incorporating constitutionally different branches to an achiral core.^ ^ The chirality was 
based on a pentaerythritol core with four aromatic-ether dendritic fragments of different 
generations. Unfortunately, this compound was not resolved in optically pure form. 
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More recently, S h a r p l e s s 5 6 employed a "double exponential dendrimer growth" 
process for the rapid construction of chiral polyether dendrimers 40 based on 1,2-diols. In 
contrast to chiral dendrimers prepared previously from pool of chiral building blocks, the 
absolute configurations of the chiral units of 40 were set up by Sharpless asymmetric 
d i h y d r o x y l a t i o n 5 7 of prochiral olefins. Furthermore, with simple modification ofthe 1,2-
diol monomeric unit, it was possible to construct chiral dendrimers of either antipode and 
with different types of spacer functionality, directionality and surface chemistry. 
S ^ ° 
力 > V R � 力 
f , $ 飞 ？ p , ^  
> : x i H 5 > ^ > ? 
4 ¾ ¾ / ^ ^ S ； ^ ^ 
% M ’ v � 
_ b ^ f i l V 
_ 、 产 J ^ 办 ？ 。 < 
寻 。 J ^ j k谨 
^ ¾ t ^ ^ 
如 ^ ^ 4 k R = HorPh 
40 ^ 21 
At about the same time when Seebach published their work, we were also interested 
in the preparation and structure-chiroptical properties of chiral dendrimers. At that time, 
little was known about the intriguing relationship between the overall macroscopic 
chiroptical properties and the three-dimensional stereo-spatial arrangement of its constituent 
chiral units. Instead of using chiral branching junctures, we employed optically active 
tartaric acid derivatives as the chiral spacers and prepared a series of optically active, 
homochiral58 41 and 42 and layer-block59 43 and 44 dendrimers. 
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The presence of more than one (L)-tartrate-derived chiral unit inside the homochiral 
dendrimers 41 and 42 allowed us to evaluate the effect of individual chiral unit on the 
overall macroscopic chiroptical properties of chiral dendrimers. On the other hand, the co-
existence of both ( D ) - and (L)-tartrate derived chirons in the layer-block dendrimers 43 and 
44 enabled us to investigate the effect of the enantiomeric chirons on the macroscopic 
property of these chiral dendrimers. Preliminary studies of this series of tartrate-based 
dendrimers revealed that the molar rotation was proportional to the number of chiral tartaric 
acid units in excess, with the chiroptical effect of (L)-tartrate unit canceled that of the (D)-
tartrate unit on a one to one basis. The details of the synthesis and chiroptical properties of 
this interesting series ofchiral dendrimers will be disclosed in the next section. 
III-2 Architecture of Tartaric Acid-based Optically Active Dendrimers 
At the start of this project, little was known about the relationship between the 
overall chiroptical properties of a chiral dendrimer and the stereo-spatial arrangement of its 
constituent chiral elements. It was envisaged that by choosing the appropriate chiral 
elements and placing them in pre-defined positions by either convergent or divergent 
synthetic methodologies,^^ the influence of the three dimensional disposition of these chiral 
.;*^ 
elements on the overall macroscopic chiral properties of optically active dendrimers could 
be evaluated. Most chiral dendrimers reported so far were made up of only one single type 
of chiral unit. It is of particular interest to prepare chiral dendritic molecules bearing more 
than one single type of chiral unit and to study the effect of different chiral elements on the 
overaU chiroptical activity. This section describes the preparation and structure-chiroptical 
relationships of a series of tartaric acid-based chiral homo-dendrimers 41 and 42,58 and 
layer-block co-dendrimers 43 and 44.59 
For these optically active dendrimers, a rm-butylphenoxy group was chosen as the 
surface functionality because it gave us an easy handle with which to measure the number 
of surface groups in the molecule. The branching juncture should be simple in structure 
and chemically it could be linked to more than two chiral connecting linkers under mild 
reaction conditions. In this case, phloroglucinol was an appropriate choice. The chiral 
units chosen were derivatives of (D)- and (L)-tartaric acids because they were readily 
available in large quantities and in both enantiomeric pure forms (Figure 4). 
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Figure 4. Basic components of the tartrate-based optically active dendrimers. 
III-3 Results and Discussion 
III-3- l Syntheses and Structure Elucidations of all ( L)-Tartaric Acid-based 
Dendrimers 41 and 42 
In order to evaluate the effect of having multiple chiral units on the chiroptical 
properties of dendritic molecules, we decided to prepare the all (L)-tartaric acid derived GO 
41 and G1 42 dendrimers. 
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A convergent, iterative method9，20 was employed for the synthesis of our opticaUy 
active dendrimers 41 and 42. For the zeroth generation dendrimer 41 (Scheme 4)，the 
synthesis was initiated from the attachment of a surface 4-^^r^-butylphenoxy moiety to a 
chiral tartrate unit. Thus, treatment of (2S,3S)-(-)-1,4-di-0-tosyl-2,3-0-isopropylidene-L-
threitol60 45 with 0.5 mol equiv. of 4-^er^-butylphenol in the presence of potassium 
carbonate in DMF gave the mono-0-arylation product 46 as a white needle (m.p. 65-67 °C) 
in 74% yield together with a small amount (9%) of the bis-0-arylation compound 47. Bis-
0-alkylation of 5-benzyloxy-resorcinol 4861 with 2.1 mol equiv. of 46 under similar 
conditions (K2CO3 in DMF, 100�C) afforded the C2 symmetric product 49 in 65% yield. 
Hydrogenolysis of 49 in the presence of 10% palladium on charcoal gave the C2 
symmetric phenol 50 in 94% yield. Coupling of the phenol 50 with another mol equiv. of 
46 (K2CO3 in DMF, 120 °C) gave the GO dendrimer 41 as a pale yellow glassy substance 
in 80% yield. On the other hand, direct tris-0-alkylation of phloroglucinol with an excess 
of the tosylate 46 gave the GO dendrimer 41 in a relatively poor yield (26%). This may be 
due to the poor solubility of the phloroglucinol anion in DMF. 
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Scheme 4. Reagents: (i) 4-^/t-butylphenol, K2CO3, DMF; (ii) 5-benzyloxy-
resorcinol 48，K2CO3, DMF; (iii) H2, 10% Pd-C; (iv) 46, K2CO3, DMF. 
The structural identities of the GO dendrimer as well as the intermediates were 
readily diagnosed by their spectroscopic data. The two methyl groups of the 
isopropylidene moiety in the mono-0-arylated tosyl ester 46 are significantly different and 
appear as two singlets (5 1.38 and 1.40) in the iR-NMR spectrum. In addition, the 
resonance singlet at 2.43 ppm is consistent with the presence of a tosyl-methyl group in the 
molecule. The diagnostic IR bands for the sulfonate which appear at 1178 and 1365 cm-l 
further support the structure ofthe mono-0-arylated tosyl ester 46. Jn the bis-0-aUcylation 
reaction of 5-benzyloxy-resorcinol, even though the formation of m o n o - 0 - a l k y l a t e d 
compound in the reaction mixture was inevitable, its polarity was greatly differ from the 
desired bis-0-alkylated benzyl ether 49 and so removal of the defective species could be 
performed readily by chromatographic technique. The phloroglucinolic protons of the 
benzyl ether 49 appear as a doublet (5 6.23) and a triplet (8 6.18) with a relative integration 
of 2 to 1 which is in accord with the two distinct types of phloroglucinolic protons. In 
contrast to the tosyl ester 46，the isopropylidene methyl groups in compound 49，appear at 
a single resonance position (5 1.49). Moreover, the resonance signal at 4.98 ppm 
confirmed the presence of the benzylic protecting group. The successful dismantling of the 
benzyl group is supported by the presence of a phenolic hydrogen which appears as a 
broad singlet (5 5.02) and the disappearance of the benzylic proton signal in the iR NMR 
•i1 
spectrum of the phenol 50. The phloroglucinolic protons again are non-equivalent and 
appear as a doublet (5 6.05) and a triplet (5 6.13) with a relative integration of 2 to 1. 
The GO dendrimer 41 contains three chiral (L)-tartrate derived units and has a C3 
symmetry. Its ^H-NMR spectrum consists of five distinctive regions: (a) the aromatic 
protons of the 4-rerr-butylphenoxy moiety at 8 7.3 - 6.8，(b) the aromatic protons (5 6.18) 
: r ^ . 
of phloroglucinol, (c) the aliphatic protons of the tartrate units (5 4.4 - 4.0), (d) the 
isopropylidene methyl groups (5 1.49) and (e) the rm-butyl groups (5 1.28). The relative 
integration of these five regions has a ratio of 12.0: 2.9: 18.2: 17.8: 27.2, which is very 
close to the theoretical value of 12: 3: 18: 18: 27. In contrast to the C2 symmetrical 
precursors 49 and 50，the phloroglucinolic protons of GO 41 appear as a sharp singlet (5 
6.18). The phloroglucinolic carbons, as expected from its symmetrical nature, show two 
resonance signals (5 95.1 and 160.6) in the l^C-NMR spectrum. The mass spectrum and 
elemental analysis data are also in good agreement with the expected structure of 41. 
The synthesis of the first generation dendrimer 42 (Scheme 5) was accomplished 
by employing the iterative reaction sequence as described before. Thus, treatment of the 
phenol 50 with an excess of the di-0-tosylate 45 (K2CO3 in DMF, 110 °C) gave 51 in 
82% yield. The presence of the tosyl functionality is confirmed by the appearance of the 
methyl singlet signal at S 2.42. The two methyl groups of the isopropylidene adjacent to 
the tosyl group again appear as two singlets at different positions (5 1.36 and 1.39) while 
the other two isopropylidene groups have the same chemical shift at 5 1.50. Bis-0-
alkylation of 5-benzyloxy-resorcinol 48 with 2.1 mol equiv. of 51 under similar 
conditions (K2CO3, DMF) gave the C2 symmetric dendritic wedge 52 in 70% yield. 
Hydrogenolysis of 52 in the presence of 10% palladium on charcoal afforded the phenol 
53 as an oil in 73% yield. Again the unique benzylic (5 4.95) and phenolic (5 6.00) proton 
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Scheme 5. Reagents: (i) 45, K2CO3, DMF; (ii) 5-benzyloxy-resorcinol 48, K2CO3, 
DMF; (iii) H2,10% Pd-C; (iv) 51，K2CO3, DMF; (v) 45, K2CO3, DMF. 
signals in compounds 52 and 53 respectively, confirm their structural identities. Finally, 
0-alkylation of the phenol 53 with the tosylate 51 gave the first generation dendrimer 42 
in 68% yield as a white glassy substance. 
The first generation dendrimer 42 consists of 18 chiral centres and is one out of 
262144 possible stereoisomers. By virtue of its highly symmetrical nature, the ^H-NMR 
and 13c-NMR spectra of 4 2 are also relatively simple. The relative integration of the 
» 
aforementioned five types of protons is 24.0: 11.1: 52.9: 50.4: 54.4，which is again close 
to the calculated value of 24: 12: 54: 54: 54. The phloroglucinolic protons however appear 
as two sharp singlets at slightly different places (8 6.15 and 6.17, rel. intensity = 1:3). 
These correspond to the protons on the central and peripheral phloroglucinol rings 
respectively. Moreover, the peripheral isopropylidene groups also appear at slightly 
different positions as compared to the internal isopropylidene groups (5 1.48 and 1.47 
.‘ respectively, rel. intensity � 2 : 1). Incidentally, there is no 13C chemical shift difference 
between the central and the peripheral phloroglucinol carbons and the chiral tartrate 
carbons. The l^C-NMR of G1 42 is almost identical to that of GO 41，except that the 
relative intensities of each peak are different. This suggested that both GO 4 1 and G1 4 2 
had similar microenvironment. 
Applying the above iterative sequence to the preparation of higher generation analog 
was unsuccessful although the dendritic phenol 53 could be similarly alkylated with an 
excess of di-0-tosylate 45 to furnish the tosyl ester 54 in 71%. Unfortunately, compound 
5 4 could not be coupled to 5-benzyloxy-resorcinol 4 8 . This reaction was extremely 
sluggish and at higher reaction temperature (>110 °C), compound 54 began to decompose. 
III-3-2 Syntheses and Structure Elucidations of Optically Active 
Layer-block Dendrimers 43 and 44 
The basic components of layer-block dendrimers 43 and 44 are very similar to the 
aforementioned (L)-tartaric acid-based dendrimers 41 and 42 except that both (D)- and (L)-
tartrate derived chirons were incorporated as the chiral connectivity units. Again a A-tert-
butylphenoxy group was chosen as the surface sector and the branching juncture employed 
was a phloroglucinol unit. The first layer-block dendrimer 43 has an outer chiral layer 
made up of six (L)-chiral units derived from (L)-tartaric acid and an inner chiral layer made 
up of three antipodal (D)-chiral elements. The second layer-block dendrimer 44，on the 
other hand, has an outer shell with three (D)- and three (L)-chiral units and an inner shell 
with three (D)-chiral units. 
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The synthetic route to the first optically active layer-block dendrimer 43 is 
illustrated in Scheme 6. Coupling of the C2 symmetrical phenol 50 (Section ni-3-l) with 
2.0 mol equiv. of the di-0-tosylate (0)-(+)-55^0 (K2CO3, DMF, 90 °C) afforded the layer-
block dendritic sector 56 in 57% yield. Bis-0-aUcylation of 5-benzyloxy-resorcinol 48 with the dendritic sector 56 (Cs2CO3, DMF) furnished the bis-0-aUcylated benzyl ether 57 
in 55% yield. Subsequent debenzylation (10% Pd-C, EtOH-EtOAc) and further 0-
alkylation of the phenol 58 with a third layer-block dendritic sector 56 (Cs2CO3, DMF) 
gave the layer-block dendrimer 43 as a white foam in an overall 46% yield from 57. 
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Scheme 6. Reagents: (i) K2CO3, DMF; (ii) 5-benzyloxy-resorcinol 48, 
Cs2CO3, DMF; (iii) H2, 10% Pd-C; (iv) 56，Cs2CO3, DMF. 
The successful synthesis of the layer-block dendritic sector 56, benzyl ether 57 and 
phenol 58 were strongly supported by the appearance of the methyl tolylsulfonyl singlet (8 
2.42)，the benzylic protons (5 4.96) as well as the phenolic proton (8 6.11) signals in their 
respective ^H-NMR spectra. Similar to the dendritic sector 51 utilized in the synthesis of 
all (L)-tartrate-based dendrimers, the isopropylidene group adjacent to the tosyl group of 
the dendritic sector 56 again appears as two methyl singlets with different chemical shift 
values (5 1.37 and 1.39). However, the rest of the two isopropylidene groups appear as 
two singlets at slightly different positions (5 1.48 and 1.50). The mass spectral data 
further confirm their structural identities. Thus, the intermediates 56, 57 and 58 show 
their respective molecular ion peak at 978 (M+H+), 1826 (M+H+) and 1736 (M+H+) in 
their mass spectra. 
The preparation of the other layer-block first generation dendrimer 44 proved to be 
more problematic (Scheme 7). The major drawback for its synthesis was the inefficient 
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mono-0-alkylation of 5-benzyloxy-resorcinol 48 (Cs2CO3, DMF) with the tosyl ester 46 
to afford the benzyl ether 59. The solubility of the anion of 48 may be relatively poor in 
the reaction medium as compared to that of mono-0-alkylated benzyl ether 59. Hence, as 
soon as compound 59 was formed, it underwent further alkylation much quicker than the 
resorcinol 48. As a result, in many conditions tried, the bis-0-aUcylation product 49 was 
always isolated in substantial amounts even when a large excess of the resorcinol 48 was 
used. Nevertheless, the desired mono-0-alkylated product 59 could still be isolated in 
34% yield as a white solid (m.p. 107-108 °C) together with 28% of compound 49. 
Fortunately, chromatographic separation of the desired product 59 from the bis-0-aUcylated 
compound 49 is an easy task since there is a large polarity difference between them. It is 
of interest to note that the protons of the phloroglucinolic unit in the mono-0-aUcylated 
benzyl ether 59 display three distinctive triplet signals (5 6.05, 6.11 and 6.17) in the H^ 
NMR spectrum, a unique characteristic of its inherent unsymmetrical nature. Furthermore, 
the broad phenolic proton resonance signal at 5 5.34 as well as the IR band for the 
hydroxyl functionality at 3390 cm_l support its structure. 
Coupling of the phenol compound 59 with 1.0 mol equiv. of the (D)-tartrate 
derived surface unit 60 provided the C2 symmetrical benzyl ether 61 as a white foam. The 
tosyl ester 60 was prepared from (2^,3/?)-(+)-l,4-di-0-tosyl-2，3-CMsopropylidene-D-
threitol 55 and 4-rerf-butylphenol by the same method as described for its antipodal (L)-
tosyl ester 46.58 After hydrogenolysis (10% Pd-C, EtOH-EtOAc) and further mono-0-
aDcylation of the resulting phenol 62 with an excess of (D)-(+)-di-0-tosylate 55, the 
dendritic wedge 63 containing two (D)- and one (L)-chiral units was obtained in 54% 
yield. The presence of the phenolic proton in phenol 62 is supported by the broad singlet 
at 8 5.08. The lR NMR spectrum of the dendritic wedge 63 displays two methyl singlets 
at different positions (8 1.37 and 1.39) for the isopropylidene group adjacent to the tosyl 
group. The other isopropylidene groups, however, appear as a singlet at 6 1.50. 
The dendritic wedge 63 was then utilized to prepare the next higher generation 
dendritic benzyl ether 64 and phenol 65. Thus bis-0-alkylation of resorcinol 48 with 2.0 
mol equiv. of dendritic wedge 63 followed by hydrogenolysis of the benzyl ether 64 gave 
the phenol 65. Finally, the phenol 65 was coupled to a third mol equiv. of the dendritic 
wedge 63 to fumish the first generation layer-block dendrimer 44 in an overall 14% yield 
from 48 as a white foam. 
Similar to the first generation all (L)-tartrate-derived dendrimer 42, the layer-block 
chiral dendrimers 43 and 44 also consist of 18 chiral centres,but with different number of 
(D)- and (L)-chiral connectivity units. Nevertheless, they are all highly symmetrical 
molecules and so their lR-NMR as well as the l3c-NMR spectra are relatively simple. 
Interestingly, both the H^ and ^½ NMR spectra of 43 and 44 as well as that of the all ( L ) -
tartrate-based first generation dendrimer 42 are almost superimposible. Incidentally, there 
is no 13c chemical shift difference between the central and the corresponding peripheral 
phloroglucinol carbons in all the different diastereomeric G1 dendrimers. Moreover, the 
core and the corresponding peripheral chiral tartrate carbons as well as the isopropylidene 
groups also have the same l3c chemical shifts. It is also noteworthy that the central as well 
as the peripheral phloroglucinol ring protons have nearly identical chemical shift values (5 
6.15, 6.17; 6.16, 6.17; 6.15, 6.16 respectively) for all three G1 dendrimers 42，43 and 
44. Therefore it can be concluded that the core phloroglucinol group has nearly the same 
chemical environment as the peripheral phloroglucinol groups, irrespective of absolute 
configurations of the chiral elements around them. 
111-3-3 Structure-Optical Rotation Relationships 
The specific rotations and molar rotations of (L)-tartrate-based dendrimers 41 and 
42 and those of their intermediates are tabulated in Table 1. It is noteworthy that the 
specific rotations of these optically active compounds remain essentially constant and fall 
within the range of -50 and -70. On the other hand, the measured molar rotations of these 
chiral compounds are proportional to the number of chiral tartrate units within their 
structures. Hence the molar rotation values of the benzyl ether 49，phenol 50 and 
dendrimer 41 are -425, -355 and -569 respectively while those of the corresponding 
compounds of one higher generation are -1096，-994 and -1769. Such observation is in 
agreement with the report by Newkome,39 in which a direct relationship between the molar 
ellipicity and the number of chiral surface groups was noted. Hence, irrespective of the 
locations ofthe chiral units resided within these dendritic molecules, the molar rotations of 
these dendritic molecules can be considered as the sum of the optical rotation contributions 
from all the constituent chiral units. The contribution to the overall molar rotation per 
tartrate unit from this series of dendritic molecules is rather constant, with an average value 
of -187, and is independent of the structure of the dendritic molecule. This result is 
consistent with the observation in NMR spectroscopy that each chiral tartrate derivative unit 
has nearly the same chemical environment. 
Table 1. Optical rotation values of (L)-tartrate-based dendrimers 41, 42 and their selected 
intermediates: 
I~ C o m p o u n d “ No. of(L)-tartrate [a]n (in CHCls)^ ” M o l a r r o t a t i o n Molarrotation per 
unit tartrate unit 
4 ^ 3 _ -59.6 -569 ‘ -190 — 
J ^ 9 -69.7 -1769 一 -197 
49 2 -55.3 -425 一 -212 
5 0 2 -52.4 -355 一 -178 
i l 3 一 -56.0 -547 ‘ -182 — 
J^ 6 -60.1 -1096 一 -183 
i l 6 -57.3 -994 -166 
« In units of deg cm^ g_l 
The optical rotation values of the layer-block dendrimers are summarized in Table 2. 
On first examination, it is of interest to note the chiroptical effect of the (L)-tartrate unit 
cancels that of its antipodal (D)-chiral unit on a one to one basis. The overall molar rotation 
of these dendritic molecules is proportional to the number of (D)- or (L)- tartrate units in 
excess. As a result, dendritic molecules with (D)-tartrate units in excess consistently give 
positive optical rotation values and those with excess (L)-chiral units display negative 
rotation values. Compound 61 and 62，having Civ symmetry, in principle should be 
devoid of optical activity, but they do have very small specific rotational values. This could 
be due to the presence of a very small amount of chiral impurities. 
Table 2. Optical rotation values of layer-block dendrimers 43，44 and their selected 
intermediates: 
Compound “ N ^ ^ “ “ N o . o f ~ " ~ N o . o f ” “ [ o c ] D i n “ “ M o l a r Molar 
(D)-tartarate (L)-tartarate (D)-units in CHCl3 rotation rotation per 
u ^ u ^ excess^ tartrate unit" 
J5 3 6 -3 -16.2 - -411 -137 
J^ 6 3 3 + 2 2 . 8 +579 +193 
J l 1 2 -1 -29.5 “ -288 -288 
^ 2 4 -2 -16.7 -304 -152 
Jl 2 4 -2 ~~21.9 - 3 7 9 ~ - 1 9 0 ^ 
J^ 0 i A -33.4 -164 -164 
^ 1 1 0 -2.9 -25.0 -
^ 1 1 0 “ -3.3 -22.0 -
^ 2 1 1 f L L — ^ — f l l Z Z - ^ J l l I Z 
^ 4 2 2 +17.6 +314 +157 
^ 4 2 2 +18.2 ~"+316 +158 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^H ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ *^ *^iiii^ ^^ *^ ^^ **^ ^^ *^ ^^ "^ ^^ **^ "^*"^ ^^ **^ "^*^ *^*^ ^^ *^^ *^*^ ^^ "^ *^ **^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ " 
fl Negative values denote (L)-tartrate unit(s) is in excess, b Negative and positive values 
denote contributions from (L)- and (D)-tartrate unit(s), respectively. 
Examination of the circular dichroism (CD) spectra of dendrimers 41 - 44 revealed 
findings that were not apparent from polarimetry studies (Figure 5). The all (L)-derived 
dendrimers 41 and 42’ showed two negative Cotton effects at 200 and 210 nm, 
corresponding to the aromatic % — 7C* absorptions of the 4-^rf-butylphenoxy and the 
phloroglucinol moieties, respectively. As expected, the molar ellipticities of the higher 
generation G1 dendrimer 42 were consistently larger than that of the GO dendrimer 41 at 
both transitions. Dendrimers 42 and 43, having the same chiral environment around the 4-
^rf-butylphenoxy moieties, exhibited roughly the same molar ellipticities at 200 nm. On 
the other hand, due to the cancellation effect of having both enantiomeric (D)- and (L)-
chirons in the same outer layer for layer-block dendrimer 44，this compound showed the 
. s m a l l e s t Cotton effect at 200 nm. The observed Cotton effect at 210 nm for the different 
dendrimers needs careful interpretations. If each chiral tartrate unit, irrespective of its 
positions within the dendrimer, exerts the same absolute chiroptical effect on the 
phloroglucinol rings, then the total chiroptical effect experienced by the four phloroglucinol 
rings is equivalent to twelve (L)-units for the all (L)-tartrate derived dendrimer 42, showing 
the largest negative Cotton effect at 210 nm. Dendrimer 44, on the other hand, has one 
core phloroglucinol ring surrounded by three (D)-chirons and three peripheral ones 
surrounded by two (D)- and one (L)-chirons. Due to the exact cancellation effect of having 
both (D)- and (L)-chiral units situated in the same outer layer, the net chiroptical effects for 
the four phloroglucinol units in dendrimer 44 should be of six (D)-chiral units. As it 
tumed out, it showed a positive Cotton effect with a molar ellipticity value half of that of 
the all (L)-dendrimer 4 2 at 210 nm. Based on this argument, the phloroglucinol rings of 
compound 43 should have a net chiral effect of zero. Jn reality, it still showed a significant 
absorption at 210 nm. This result suggested that in the layer-block dendrimer 43，the 
chiroptical effect of a (L)-chiral unit in the outer shell did not exactly compensate that of a 
I(D)-chiral unit in the inner shell, thus leaving a significant Cotton effect at 210 nm. It was therefore concluded that the outer layer was chiroptically slightly different from the inner I layer. 
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Figure 5. Circular dichroism spectra of dendrimers 41-44. 
III -3-4 Syntheses and Characterization of Higher Generation, Optically 
Active Dendritic Fragments 
As described in the previous section, we were unable to synthesize higher 
generations of this series of optically active (L)-tartrate-derived dendritic compounds. We 
speculated that one of the problems was due to the sterically bulkiness in the vicinity of the 
tosyl group of the chiral tartrate linkers 45 and 55. We were, however, very much 
interested in extending this series of optically active dendrimer to the higher generation 
analogs. As a result, we modified the iterative reaction cycle slightly to allow the 
preparation of an alternative series of layer-block chiral dendritic fragments 67 - 72 of 
higher generations (Figure 6).62 
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Figure 6. Basic components and structures of the second and the third 
generation dendritic molecules. 
In the following discussions, the notation Gn*-f proposed by F r e c h e t ^ a was 
adopted to designate the various dendritic molecules, in which ,Gn*, refers to the 
generation of the chiral dendritic sector. The T refers to the functional group located at the 
focal point of all the dendritic molecules. 
Instead of having all branches made up with the chiral tartrate-derived linker, the 
inner connecting branches in the present series is an optically inactive 3-C linker. The 
surface and branching junctures are still the same as the one used before. Employing the 
iterative convergent synthetic strategy (Scheme 8), the optically active first generation 
phenol 50, which is one of the key intermediates in the preparation of the all (L)-tartrate-
based GO dendrimer 41，could be converted to the chiral dendritic phenols of the next two 
higher generations 68 and 71. 
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Scheme 8. The iterative synthetic sequence for the preparation of higher 
generation dendritic molecules. 
Thus treatment of Gl*-OH 50 with 10 mol equiv. of l,3-dibromopropane 
(K2CO3, acetone) under reflux afforded the Gl*-Br 66 as a white foam (89%) (Scheme 
9). Bis-0-alkylation (K2CO3, acetone) of 5-benzyloxy-resorcinol 48 with 2.5 mol equiv. 
of Gl*-Br 66 fumished the second generation benzyl ether 67, G2*-OBn, in 81% yield. 
Upon hydrogenation using 10% palladium on carbon as catalyst, the benzyl ether 67 was 
transformed into the phenol 68，G2*-OH, as a white glassy substance (86%). By 
repeating the above reaction sequence on G2*-OH 68, the third generation phenol G3*-OH 
71 was obtained in overall yield of 38% from 68. Coupling of G3*-OH 71 with 10 mol 
equiv. of 1,3-dibromopropane (K2CO3, acetone) under reflux afforded G3*-Br 72 in 72 
% yield. 
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Scheme 9. Reagents: (i) l，3-dibromopropane，K2CO3, acetone; (ii) 48，K2CO3, 
acetone; (iii) H2, 10% Pd-C. 
The structural identities of these chiral dendritic sectors are readily diagnosed by 
their H^ and l^C NMR spectra. Li general, the spectra of a particular class of compound of 
different generations display similar resonance signals and patterns except the relative 
intensities of the signals are different. As a result, any defects created during the 
construction of the dendritic sectors can be revealed by NMR technique since any 
imperfection will lead to multiplicities of signals. 
« 
In iR NMR spectra, the monobromides Gn*-Br are recognized by their distinctive 
triplet signals at around 5 3.5 ascribed to the methylene protons adjacent to the bromine 
atom. Similarly, the carbon atom adjacent to the bromine atom resonates at about 5 32.0 in 
the l3c NMR spectra. The successful synthesis of the benzyl ether 49,67 and 70, Gn*-
OBn, can be confirmed by their characteristic benzylic singlet signal at 5 4.98，4.98 and 
4.97 respectively in the iR NMR spectra. In addition, the 13�resonance signals at 8 703, 
70.2 and 70,2 attributed to the benzylic carbon signals are also informative. The formation 
of the phenolic compound, Gn*-OH, can be confirmed by the disappearance of the 
benzylic singlet signal at around 8 5.0, although the position of the phenolic proton signal 
is not very distinctive in the H^ NMR spectra. Furthermore all IR spectra of these phenoUc 
,S^  1 
compounds display a strong OH stretching frequency in the range of 3600 - 3200 crarK 
Mass spectra provide additional evidence for the identities of the lower generation 
compounds. For examples, benzyl ethers 49 and 67 gave their respective molecular ions 
at 769 (M+H+) and 1654 (M+H+) while the molecular ion peaks for the first 50 and 
second 68 generation phenol are at 678 (M+) and 1564 (M+H+) respectively. 
Unfortunately, molecular weights of the third generation of benzyl ether 70, phenol 71 and 
bromide 72 could not been determined by the mass spectrometers available to us. 
Nevertheless, their molecular weights as well as their purities were examined by size-
exclusion chromatography (SEC). Size-exclusion chromatography proved to be extremely 
useful in the analysis of the purity of our dendritic molecules since molecular sizes change 
dramatically at each generation growth or coupling step. The composites of the SEC 
chromatograms for each generation of Gn*-OBn, Gn*-OH and Gn*-Br where n = 1-3 are 
shown in Figure 7. Comparison of the retention times of these dendritic molecules 
indicated the larger molecules were eluted first and aU of these dendritic molecules had very 
narrow polydispersity as shown by the sharp peaks in all the chromatograms. 
Furthermore, the observed values of Mn and Mw for the third generation benzyl ether 70, 
phenol 71 and bromide 72 are also in reasonably agreement with their theoretical molecular 
weights CTable 3). 
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Figure 7. Size exclusion chromatograms of chiral dendritic fragments CWaters HR1, 
HR2 and HR4 columns in serial; temperature: 40°C; solvent: THF; flow 
rate: l.Oml/min). 
Table 3. Size exclusion chromatography data for Oic chiral dendritic fragments of various 
generations. 
SECdata 
Compound Formula Thcorciical Mw Afn Mw A/w/A/n 
G l * - B r 6 6 C 4 3 H 5 9 O 9 B r ^ 766 773 1.01 
G2*-Br 69 C95H|27O21Br [685 1904 1929 1.01 
G3*-Br 72 q99H263O45Br ^ 4109 4173 1.02 
GI*-OBn 49 C47H60Q9 ^ 772 779 1.01 
G2*-OBn 67 C99H128Q2i [6^ 1916 1938 1.01 
G3*-OBn 70 C203H264Q45 ^ 4080 4160 102 
Gl*-OH 50 C40H54O9 ^ 760 767 l.Ol 
G2'-OH 68 C92H122O2i 1 ^ 1906 1927 101 
G3*-OH 71 C|96H258Q45 ^ 4032 4 1 0 l | l . 0 2 
Inspection of the optical rotational properties of thcsc dcndriiic fragments CTablc 4) 
revealed that the specific rotations [a]o remained csscniiaIly thc same, while thc molar 
rotations [Af]o were directly proportional io thc number of chiral (L)-lartraic unils. This 
observation was consistent with thc findings reported earlier, further confirming Uiat lhcsc 
chiral uniis acting as independent, non-intcraciing moiciics. 
Table 4. Optical activity for the dendritic fragments with 3-C alkyl chain as thc inner 
connecting unit. 
compound No. of iartraic unii (ajp (in CH-CI:) [M]p [Aflp/urtrate unit 
G2* OBn 67 4 ^1^ ^ -»38 
G3.-OBn 70 8 ^3^ -»246 -156 
”G2*-OH 6 8 “ 4 -30^ ^ -»21 
G3- OH 71 ~ " 8 05£ JT74 -1^ 7 
~ G l � B r 6 6 “ 2 ^ ^ -H9 
G2(Br 69 4 Of^ ：^  '^^ 
~G3*-Br 7 2 ~ 8 ^1^ ^ -124 
III-3-5 Conclusions 
This chapter describes the synthesis of a novel series of optically active tartaric acid-
based dendrimers as well as a series of higher generation optically active dendritic 
fragments by an iterative, convergent method. These chiral dendritic molecules comprise 
4-rm-butylphenoxy as the surface groups and phloroglucinols as the branching junctures. 
Two different chiral elements, which are derivatives of (D)- or (L)-tartaric acid and a 3-C 
alkyl optically inactive unit serve as the linkers between the surface group and the 
branching juncture, or between two branching junctures. 
Livestigation of the optical rotation properties of these tartrate-based dendrimers and 
those of their intermediates revealed that the molar rotation of these structural flexible, low 
generation dendritic compounds was roughly proportional to the number of chiral tartrate 
units in the molecule. Such phenomenon was also observed amongst the higher generation 
.1' 
I dendritic fragments, revealing that the chiral units acting as independent, non-interacting 
moieties. Moreover, it was noted that the optical rotation strength of a (D)-tartrate derived 
chiral unit canceled that of its antipodal (L)-tartrate derived chiron. Circular dichroism 
• 
: studies, however, revealed that this cancellation effect was more effective when both the 
(D)- and (L)-chirons were situated within the same layer of the layer-block dendrimers. 
I V Catalytic Dendrimers 
IV-1 Background 
Apart from naturally occurring enzyme molecules, homogenous and monodisperse 
polymeric catalysts with well-defined three dimensional topology are scarcely known in the 
literature. An ideal homogenous polymeric catalyst should be a soluble, multifunctional 
macromolecule with favoring configuration in which all active sites can be exposed to the 
reaction medium such that they are easily accessible to migrating reactants. Since 
dendrimers can be designed with controllable topology and can also be specifically 
engineered with unique physical and chemical properties, the catalytic activity and 
selectivity may be synthetically fine-tuned. As a result, the idea of incorporating catalytic 
centres into a dendritic structure to produce catalytic dendrimers has been one of the long-
standing ambitions in dendrimer chemistry. 
‘ � � • ' ,: 'S 
•», 
I 
I Up until now there are only a few catalytic dendrimers reported in the l i t e r a t u r e . 6 3 - 7 0 
j In general, two different approaches had been examined to study this novel type of 
I 
dendritic catalysts also coined as d e n d r i z y m e s . 6 3 The first approach involved attachment of 
a single catalytic moiety to a dendritic structure and the study of the influence of the 
dendritic matrix on the catalytic reactivity and selectivity. The second approach entailed 
affixing multiple catalytic units on to a dendritic matrix and the examination of whether 
catalytic cooperativity existed amongst these eatalytic units. Although the methods used in 
these two approaches are different, both of them address the critical issues in catalytic 
chemistry, namely, catalytic reactivity and selectivity. 
In 1993, B r u n n e r 6 3 , 6 4 prepared a series of lower generation chiral catalytic 
dendrimers by attaching (-)-borneol derived dendritic sectors on to a catalytic diphos 
centre. It was discovered that the resulting catalytic dendrimers did preserve their catalytic 
activity. However, the structure-reactivity relationship was not pursued in detail. Later, 
Brunner prepared a related series of chiral catalytic dendrimers and, to their dismay, the 
enantioselectivity of the catalyzed reactions were extremely low.^，65 
More recently, Bolm66 employed the hyperbranched chiral catalyst (5)-73 in the 
homogenous asymmetric addition of diethylzinc to benzaldehyde. Since the chiral centre 
was situated in close proximity to the catalytic unit, the resulting secondary alcohol could 
be obtained in high yield and good enantioselectivity (up to 86% ee), However, the 
enantiocontrol of such dendritic ligand (5)-73, as compared to the parent pyridyl-alcohol 
catalyst (5)-74, was slightly lower. 
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Ford67 was probably was the first to utilize the "multiple catalytic centres" concept 
and designed a series of polyether based catalytic dendrimers 75 terminated with multiple 
quaternary ammonium ions. In the presence of this third generation dendrizyme 75, the 
rates of unimolecular decarboxylation of 6-nitrobenzisoxazole-3-carboxylate 76 and 
bimolecular hydrolysis of /7-nitrophenyl diphenyl phosphate 77 catalyzed by o-
iodosobenzoate ion were both accelerated. Moreover, it was noted that there was positive 
cooperative reactivity for this catalytic dendrimer when compared to analogous smaller 
dendrimer of the first generation towards the decarboxylation reaction. 
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In another study, D u B o i s 6 8 reported that the rate of electrochemical reduction of 
CO2 catalyzed by dendritic organophosphine-palladium complexes was independent of 
dendrizyme generations on a per catalytic unit basis. Recently van K o t e n 6 9 successfully 
prepared nickel-containing homogeneous catalysts 78 and 79 based on silane dendrimer 
chemistry. They were highly effective homogeneous catalysts for the Kharasch addition 
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. react ion of polyhalogenalkanes to olefinic compounds. Though a slight drop of reactivity 
was observed for these catalysts on a per catalytic unit basis, the nanoscopic dimensions of 
these molecules approached nanoscopic dimensions which may have advantageous 
properties for physical separation and catalyst recycling. 
IV-2 Syntheses and Characterization of Dendritic Bis(oxazoline) 
Copper(II) Catalyst 
The previous section summarized the various research strategies towards the design 
of catalytic dendrimers. However, very few studies had been conducted on looking at the 
modulation of the catalytic reactivity by dendritic fragments. Hence, we decided to prepare 
an achiral series of dendritic bis(oxazoline) copper(II) catalysts and looked firstly at their 
catalytic reactivity and substrate selectivity. Thereafter, we disclosed our investigations and 
findings on an optically active version of dendrizymes based on the chiral dendritic 
•5'^  
chemistry described in Chapter III. 
IV-2-1 Architecture 
The basic components for our catalytic ligands which can be transformed to active 
catalysts include the catalytic core and its associated dendritic sectors (Figure 8). The 
selection of the catalytic functionality is of great importance because it will influence the 
type of catalytic chemistry involved. The dendritic sector, on the other hand, could 
influence the microscopic environment such as the polarity and steric accessibility around 
the catalytic centre. Finally, the position where the catalytic unit is deposited on the 
dendritic matrix could also affect the selectivity and reactivity tremendously. 
For the dendritic ligands 80 - 83, the catalytic core group is a bis(oxazoline) 
moiety. This component, when complexed to metal ions, is a well-established class of 
catalytic unit used in a number of reactions such as cyclopropanation^ 1 and aziridination^^ 
of olefins and in Diels-Alder reactionJ^ The achiral dendritic sectors employed are 
polyether dendritic fragments reported earlier by our research group.74 In short, the 
branching juncture in the dendritic sector is a phloroglucinol unit, the spacer is the 3-C 
aUcyl chain and 4-^rr-butylphenoxy group is utilized as the surface group ff^igure 8). 
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Figure 8. Structures and basic components of the bis(oxazoline) dendrimers 80 - 83. 
In the following discussions, the synthesis of the core precursor will be disclosed 
first followed by a briefintrcxiuction to the preparation of the achiral dendritic sectors since 
they had akeady been discussed in details in the thesis of C h a n . 7 5 Finally, we will detail 
the coupling of the catalytic core to the various dendritic sectors and the subsequent 
transformation to the dendritic ligands 80 - 83. The catalyzed reaction of interest in this 
study is the Diels-Alder reaction between cyclopentadiene and 3-((E)-2-butenoyl)-2-
oxazolidinone. This reaction has a reasonable rate at room temperature to allow us to 
foUow the kinetics conveniently by gas chromatography. 
In the following discussions, the notation described in Chapter III will again be 
used to designate the various dendritic structures. However, since this series of 
compounds are all optically inactive, the ,*• symbol will be deleted. Finally, after 
cyclization, the notation Gn will be used to denote the achiral bis(oxazoline) dendritic 
ligands 80 - 83 of the various generations. 
IV-2-2 Syntheses of the Bis(oxazoline) Core Precursors 
The construction of the catalytic core precursor 91 began with 4-benzyloxybenzyl 
alcohol 8476 (Scheme 10)，which could be conveniently prepared from 4-hydroxy-
benzaldehyde by 0-benzylation (K2CO3, BnBr, acetone) followed by LiAfflU reduction of 
the aldehyde. Treatment of 84 with concentrated hydrobromic acid in glacial acetic acid 
afforded the corresponding benzyl bromide 8 5 ” as a white solid (m.p. 78-80 °C) in 64% 
yield. Di-C-alkylation of diethyl malonate with 2.1 mol equiv. of the bromide 85 (NaH, 
THF) fumished the di-ester 86 as an oil in 74% yield. Alkaline hydrolysis of 86 resulted 
in the formation of a separable mixture of the decarboxylated mono-acid 87 (27%) together 
with the desired di-acid 88 (65%). Conversion of 88 into the diacyl chloride followed by 
in situ trapping with excess 2-ethanolamine gave di-amide 89 as a white solid (m.p. 134-
136 °C) in 69% yield. The benzyl groups on the di-amide 89 were then dismantled 0^2, 
Pd-C, EtOH) to give di-phenol 90 in 88% yield, which was subsequently 0-alkylated to 
. g i v e the di-bromide 91 in 78% yield by reacting with excess l,3-dibromopropane (K2CO3, 
acetone). 
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91 Scheme 10. Reagents:� HBr, HOAc; (ii) NaH (2 eq.), diethyl malonate, THF; 
(iii) NaOH, H2CVEtOH; (iv) a) DMF, (COCl)2, b) ethanolamine; 
(v) H2,10% Pd-C; (vi) l,3-dibromopropane, K2CO3, acetone. 
'' The structures of these compounds were characterized by a combination of 
spectroscopic technique. Hence, for the di-ester 86, the unique resonance signal for the 
benzylic protons at 5 5.03 together with the singlet signal at 5 3.15 ascribed to the 
methylene protons adjacent to the quaternary carbon were conclusive for the successful di-
C-aUcylation reaction. The mono-acid 87 gave a set of complex resonance signals around 5 
2.50 - 3.10 while the symmetric di-acid 88 possessed a clear singlet at 8 3.22 diagnosed as 
the methylene protons adjacent to the quaternary carbon. The structural identity of di-amide 
89 was confirmed by two characteristic quartet signals at 5 3.31 and 3.56 which were due 
to the methylene protons adjacent to the nitrogen atom and hydroxyl group respectively. In 
addition, the appearance of a triplet signal at 6 7.69 was an additional evidence for the 
presence of the amide functionalities. The successful deprotection of the benzyl groups 
from 89 was readily recognized by the disappearance of the benzylic proton signal at 5 
5.00 and the benzylic carbon signal at 5 69.9. For the di-bromide 91，it was interpreted by 
the distinctive quintet signal at 5 2.29 for the central methylene protons of the 3-C linker. 
Apart from the H^ and 13c NMR spectra data, mass spectra provide additional evidence for 
the structures of all the aforementioned compounds. Hence, compounds 86 and 88 - 91 
displayed their respective molecular ion peaks at 552 (M+), 496 (M+), 583 (M+H+), 403 
(M+H+) and 645 (M+H+) respectively. 
IV-2-3 Syntheses of the Achiral Dendritic Sectors 
The achiral polyether dendritic sectors Gn-OH (n = 1-3) 92 - 94,74 consist of four 
basic components: the handle, the space-linker, the branching juncture and the surface 
group. The handle is a phenolic functionality to which the catalytic unit is attached. The 
linker is a three-carbon alkyl chain which is flexible and long enough for the construction 
of dendrons of higher generations. The branching juncture is a phloroglucinol unit which 
gives a branching multiplicity of three. The surface group selected is a 4-fm-butylphenoxy 
moiety for its distinctive NMR signal of the tert-hulyl group and excellent solubility 
property. 
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The polyether achiral dendritic fragments 92 - 94 were prepared by an iterative, 
convergent strategy described p r e v i o u s l y . 7 5 As shown in Scheme 11, the principle steps 
involved in such an iterative reaction cycle are: a) aUcylation of the phenoUc compound (Gn-
OH) with the linking unit, 1,3-dibromopropane, to generate the monobromide Gn-Br; b) 
bis-0-alkylation of the branching juncture, 5-benzyloxy-resorcinol 48 with the 
monobromide Gn-Br; c) deprotection of the benzyl group by hydrogenolysis. Starting 
from 4-rm-butylphenol (GO-OH) and employed the above synthetic sequence, Gn-OH (n = 
1-3) can be prepared in 10 gram quantities. 
OBn 
HcX^OH 
Br{CH2)3Br 48 H2, Pd-C � 
Gn-OH »- Gn-Br • G ( n + 1 ) - O B n - • G(n+1)-OH K2CO3 K2CO3 
Scheme 11. The iterative synthetic sequence for the preparation of achiral dendritic 
sectors 92-94. 
IV-2-4 Syntheses of Dendritic Ligands 
With the dendritic fragments 92 - 94 and the catalytic core 91 available in gram 
quantities, we started to anchor the catalytic core onto the dendritic sectors (Scheme 12). 
Reaction of 4-ferf-butylphenol with the dibromo-catalytic core 91 gave the bis(alcohol) 95 
in 60% yield. Conversion of the bis(alcohol) 95 into the bis(bromide) 99 under 
Mitsunobu condition (PPh3, CBr4), followed by cyclization in the presence of NaOH in 
EtOIVTHF afforded the bis(oxazoline) GO dendrimer 80 as a pale yellow liquid in 43% 
overall yield from 91. Similarly, coupling of the higher generation polyether dendritic 
sectors 92 - 94 onto 91 and subsequent bromination and cyclization fumished G1 81, G2 
82 and G3 83 in 46, 25 and 27% overall yields respectively from 91. 
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Scheme 12. Synthetic scheme for the achiral bis(oxazoline) dendrimers (GO-G3). 
It should be noted that the last two steps of the above transformations involved 
reactions at the catalytic focal point. As a result, these reactions were difficult to monitor, 
especially for the higher generation series. This was due to the relatively tiny H^ NMR 
signals of the catalytic core, as compared to the huge lR signals arising from the dendritic 
sectors. Fortunately, the methylene protons adjacent to the reacting centres, displayed very 
different chemical shift values from the Gn-NHCH2C//2OH (8 ^ 3.6), Gn-NHCH2CH2Br 
(5 ^3.3) and finally to the bis(oxazoline) Gn series (5 -4.2, CH2O). Incidentally, these 
signals were not obscured by the lH signals arising from the dendritic sectors. Moreover, 
the bis(alcohol)s 95 - 98, bis(bromide)s 99 - 102 and bis(oxazoline)s 80 - 83 all 
displayed significantly different TLC mobilities to allow monitoring of the progress of the 
reactions. The 4-ferf-butylphenoxy groups on the surface sector are the indication markers 
of the generation of these dendritic molecules. Therefore, by observing the relative 
integrations of the rm-butyl singlet signal at 5 -1.3 and the methylene proton signal (5 
-3.6) adjacent to the focal hydroxyl group, one could ascertain whether the two 
electrophilic bromide groups on the core precursor 91 had been completely displaced by 
two dendritic sectors. Hence, the measured relative integrations of these two signals in the 
bis(alcohol)s 95 - 98 of the zeroth to third generations were (4.5 : 1)，（8.1 : 1)，(20.7 : 1) 
and (36 : 1) respectively, which were all close to the theoretical values of (4.5 : 1), (9 : 1)， 
(18 : 1) and (36 : 1). The successful conversion of the above dendritic bis(alcohol)s 95 -
98, Gn-NH(CH2)2OH, to the corresponding bis(bromide)s, Gn-NH(CH2)2Br, were 
readily recognized by the distinctive resonance signals in H^ NMR spectra at about 5 3.3 
• <' 
I attributed to the methylene protons adjacent to the bromine atoms which were not present in 
I 
ithe precursors. In addition, the unique ^½ resonance signal at around 5 31.2 for all the bis(bromide)s 99 -102 was also diagnostic of the carbon adjacent to the bromine atom. 
I 
The formation of the bis(oxazoline) dendrimers 80 - 83，Gn (n = 0-3)，could be 
confirmed by the disappearance of the triplet signal ascribed to the amide protons (5 -7.6) 
and an obvious down-field shift (from 5 3.5 to 8 3.8) of the triplet signals due to the 
methylene protons adjacent to the nitrogen atom. Infrared spectroscopy offered little 
information since the spectrum was overwhelmed by the dominant signals arising from the 
polyether dendritic sectors in the molecule (aromatic and ether groups) and hence the ability 
to detect accurately the reactive functional group at the focal point became impaired. 
Nevertheless the IR stretching frequencies at about 1660 cm_l in the IR spectra of GO 80 
and G1 81 were consistent with the oxazoline C=N bond though such signal could not be 
observed for the higher generation dendrimers. Additional evidence for the formation of 
the bis(oxazoline) dendrimers were their satisfactory mass spectra. Hence dendrimers 80 -
83 (GO-G3) showed ions at 747, 1460, 2883 and 5731 respectively, which corresponded 
to their molecular ion peaks within experimental error. 
IV-3 Kinetics and Selectivity of Dendritic Bis(oxazoline)-copper(II) 
Complex Catalyzed Diels-Alder Reactions 
IV-3-1 Introduction 
As it has been discussed in the previous sections, attachment of dendritic sectors to 
a catalytic centre will invariably affect the polarity and steric environment around its 
\ 
vicinity. As a result, the catalytic reactivity and substrate selectivity will be altered. The 
successful synthesis of this series of dendritic ligands 80 - 83 of various sizes enabled us 
‘«'» 
I to examine their practical usefulness in catalytic chemistry, to probe the microenvironment 
I around the catalytic centre, and to identify the role of the dendritic sector in this type of 
I single-catalytic site dendrizymes. Of particular interest to us is the exact location of the 
I catalytic core inside the dendritic matrix. The other equally important question is whether 
... 
the dendritic sector forms a scaffolding for the formation of an active site pocket around the 
catalytic centre - one of the crucial factors essential for substrate selectivity. This section 
begins with the kinetic study on the dendritic bis(oxazoline)-copper TO complex catalyzed 
Diels-Alder reaction. Despite the fact that similar reaction had been disclosed for some 
time, not much efforts had been devoted to elucidate the mechanism of this r e a c t i o n .73b,c 
Hence, the kinetics and mechanism of the Diels-Alder reaction will be discussed in the 
following section. 
IV-3-2 Reaction Mechanisms and Reactivity Kinetics 
The substrate for the Diels-Alder reaction was cyclopentadiene (Cp) and crotonyl 
imide 103 (R). The reaction was conducted by mixing a preformed solution of ligand-
metal complex to Cp and dienophile (R) in anhydrous dichloromethane. The reaction 
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mixture was stirred at 25.0 土 0.1 °C in a constant temperature water bath. The reaction 
kinetics was monitored by taking aliquots at specified time intervals for gas 
chromatography analysis. The starting materials and products all have very different 
f4' 
retention times to allow rapid determination of the relative concentrations of the various 
components inside the reaction mixture. The catalytic active dendritic copper(n) catalysts 
(Cn) were prepared by stirring a 1 : 1 mixture of the dendritic ligand (Gn) and copper(II) 
triflate in anhydrous dichloromethane under nitrogen until the complete dissolution of the 
solid copper(II) triflate. The reaction was also monitored by UV spectroscopy to ensure 
complete complexation as all copper (n)-dendritic complexes gave UV spectra with Xmax at 
approximately 720 nm. However, dendritic ligands of higher generations (G2 and G3) 
required longer time (3-5 h) for complete complexation than the ligands of lower 
generations (1.5 h). 
Employing pseudo-order technique by keeping either two of the three reactant 
concentrations being constant with a model bis(oxazoline) compound 121 (FiguTQ 9), it 
was discovered that the initial rate of the Diels-Alder reaction had the form as shown in 
equation 1. 
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Figure 9. Initial rate of Diels-Alder adduct � formation v<s [121-Cu(II)]o (P ]^o = 0.0843M and [Cp]o 
=1.52M) (top left). Initial rate of Diels-Alder adduct (P) formation vs [Cp]o ([R]o = 0.0179M 
I and [121-Cu(II)]o = 0.00367M) (top right). Plot of l/{dOP]/dt) v5 1/Mo ([Cp]o = 2.39M and 
[121-Cu(II)]o = 0.00122M) Ox)ttom right). Temperature all at 25.0 土 0.1 X . 
迴 二 ^i^[121-Cu(II)]o[R]Q[Cp]o (equation 1) 
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This rate equation could be rationalized by the following mechanism (Figure 10). 
The copper containing catalyst Cn, will first form a 1 :1 complex with the dienophile (R). 
The CnR complex will either react with an incoming Cp molecule to form the Diels-Alder 
adduct (P) with the liberation of a free catalyst Cn, or dissociate to regenerate the free 
catalyst Cn and the dienophile R. The relevant rate constants for the various steps are 
labeled in Figure 10. 
ki k2 
Gn + Cu(OTf)2 ——^ Cn+ R ：；=^ CnR ^ Cn + P 
众_1 Cp 
Figure 10. Proposed mechanism for the dendrizymes catalyzed Diels-Alder reaction 
I 
Applying steady state approximation on the catalyst-dienophile complex CnR, 
equation 2 could be o b t a i n e d , 7 8 where 0 denoted the initial concentrations of the reactants. 
lfk.i »i^[Cp] and ki[R] » k2[Cp], i.e., the rate of the decomposition of CnR to product P 
was slow compared to the formation and the decomplexation of the CnR complex, and 
because cyclopentadiene was always present in large excess relative to Cn, we had [Cp] « 
[Cp]o, equation 2 could be simplified to equation 3. 
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Equation 3 is the modified Michaelis-Menten equation for enzyme kinetics. Hence, 
the formation constant of CnR (Kc = ^i/^-i) and the rate constant ki of the different 
dendrizyme catalyzed reactions could be obtained from the Lineweaver-Burk plot (equation 
4)79 From the equation, the rate constant k^  for various generations of dendrizymes can 
be evaluated from the corresponding y-intercepts while the slope can be used to fmd the 
binding constant {L\lk\) for each of the dendrizyme. The plots for the zeroth to the third 
generation dendrizymes are shown in Figure 11 and the kinetic parameters are given in 
Table 5. 
l/V 1/v 
5i 105 1 1 1 1 r ^ ^ ~ 8.0 103 1 1 1 1 1~^7^-
y ^ 7.0105 - ^ x f -
4.4105 _ [Cp] = 2.24 M y ^ - [Cpl=2.44M y ^ 
[GO-Cu(II)] = 1.57e-3 M ^ X ^ 6.010^  " [Gl-CuODf=1.07e-3M ^ ^ -
.r3i05 _ y ^ _ 5.0105 • y ^ • 
y ^ 4.0105 - y ^ -
2.2105- j / ^ y = 85636 + 8270.5x R = 0.99992 - 3 ^05 . J ^ -
j / ^ ^ y = l.l5l6e+05 + 11703x R = 0.99927 
y ^ 2.0105 - v ^ -
1.1 105 ^^ _ Z 
1.0 105 • -
0 0 ‘ ‘ 1 1 1 
0 10 20 30 40 50 60 0 10 20 30 40 50 60 
l /Icrotonyl imide 103] l/(crotonyl iniide 103] 
1/v l/v 
1.0 10« , 1 1 1 ^ 2i 10« , 1 1 1 1 y 
\ goio' - [Cp]=2.42M y ^ - 1010« - [Cp] = 2.31M y ^ -
[G2-Cu(n)] = 9.82e^M y ^ [G3-CuOD[)] = 9.95e-4M y ^ 
6.0 105 - y ^ - li 10^  - y / ^ -
I 4.010' - ^ - 1.010' - y / ^ -
sf y =r 1.2979e+05 + 16601 x R = 0.99773 X 
>® J ' ^ y = 2.2758e+05 + 40134x R : 0.99945 
2.0105 - y ^ - 5.010' - y ^ -
0 I I I 1 1 0 I I I 1 1 
0 10 20 30 40 50 60 0 10 20 30 40 50 60 
l/[crotonyl imide 103] l/{crotonyl imide 103] 
Figure 11. Linewaver-Burk plot for GO- (top left), G1- (top right), G2- (bottom left) and G3-
(bottom right) copper (II) catalyzed Diels-Alder reaction of Cp and crotonyl imide 103. 
Table 5. K�and k2 values for the various Cn, n = 0-3，catalyzed reactions. 
catalyst Kc (M'1) k2 (M'h'^) 
CT 10.4 土 0.2 (3.3±0.1)xl0-3 
C1 9.8±1.1 (3.3 土 0.3) X 10-3 
C2 7.8土1.1 (3 .2±0.4)xl0-3 
C3 5.7土0.5 (1 .9±0.2)xl0-3 一 
In comparing the binding constants (Kc) and the rate constants {ki) of different 
dendrizyme-catalyzed reactions, two important findings are noted. Firstly, the binding 
constant decreases with increasing dendrizyme generation. This was probably due to an 
increased distortion and hence destabilization of the CnR complex from its optimal 
geometry, as a result of the increasing steric repulsion between the two larger dendritic 
sectors at the higher generations. Secondly, the rate constant k2 for the Diels-Alder 
reaction remained essentially the same from the zeroth to the second generation catalysts, 
but dropped suddenly at the third generation dendrizyme. This rate determining process 
involved the diffusion of Cp from the bulk solution into the catalytic cavity. Hence, it 
could be deduced that the catalytic centre of the third generation suddenly became stericaIly 
crowded and so imposed steric constraint on the diffusion of Cp to the catalytic centre. We 
speculated that for the lower generation dendrizymes, the two dendritic sectors are oriented 
in such a way that there was little steric repulsion between them. However, for the third 
generation homologue, the steric repulsion between the two relatively large dendritic 
f sectors may become so severe that they had to fold back towards the catalytic core to avoid 
t 牵： 
I physical contact (Figure 12), resulting in a sudden drop of accessibility of the catalytic core 
I to the surroundings. 
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Figure 12. Transition from an exposed to a partiaUy buried active site from lower generation 
to the third generation dendrizyme. 
From the kinetic data, we postulated that the catalytic core group which was 
essentially open to the surroundings at the earlier generation catalysts became partially 
buried in the interior of the dendritic matrix at the third generation and thus hindered the 
diffusion of Cp molecule into the active site and resulted in a sudden drop of fe. On the 
other hand, the smaller molecular dimensions of the zeroth to the second generation 
catalysts allowed their catalytic cores remained exposed to the surroundings and so k2 was 
essentially insensitive for the earlier generation dendrimers. This folding back of dendritic 
sectors had been used to explain the unusual solubility behaviour of some 
metallodendrizymes,63 and had also been predicted by computer simulation.80 
The above kinetic parameter suggested that under saturated kinetic conditions, when 
nearly all catalysts are dienophile bound {i.e. [CnR]/[Cn] > 10¾, there are little reactivity 
differences amongst the zeroth to the second generation catalysts. Since [CnR]/[Cn]= 
Kc[R], in order to have [CnR]/[Cn] « 10^ , it is necessary to have [R] » lO /^Kc « 10 M for 
‘ i S ^ 
i saturated kinetics to happen. Under normal non-saturated kinetic conditions {i.e. [R] < 
I 0 . 1 5 M), however, because of the decreasing binding constant, a decrease of reactivity 
should be observed for the higher generation dendrizymes. A plot of the rate of formation 
of the product versus time for the zeroth to the second generation dendrizymes under non-
saturated conditions did reveal this observation ^^ igure 13). 
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Figure 13. Reaction profile for the zeroth to the second generations of Cu(H) complexes catolyz^ Diels-
Alder reaction of Cp and crotonyl imide 103 under non-saturation kinetic conditions in CHjClj • 
Conditions: T = 25.0 土 0.1°C, [Cn] = 0.006M where n = 0-2. [Cp] = 1.4 M，[103] = 0.15 M. 
Another interesting findings was discovered accidentally when the reaction was 
conducted in the presence of a small amount of ethanol. Ethanol was found to be an 
inhibitor for the metal-catalyzed Diels-Alder reaction. First of all, the rate retardation was 
concentration dependent; thus, the higher the ethanol concentration, the slower was the 
reaction rate (Figure 14). Secondly, it was shown that in the presence of 1% ethanol, the 
reactivity of all the different generation dendritic catalysts decreased to nearly the same 
OFigure 14). 
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Figure 14. Reaction profile for the effect of different concentration of EtOH on the bisoxazoline 
121-Cu(II) (0.0023 M) catalyzed Diels-Alder reaction of Cp (13 M) and crotonyl 
imidel03 (0.068 M) at 25.0 土 0 . 1 � C in CH2Cl2(left). Effect ofEtOH (1%) on the 
reactivity of various generations dendritic Cu(n) catalysts in the same Diels-Alder 
reaction under Uie conditions noted in Figure 13 (right). 
Thus, under non-saturated kinetics conditions, all dendritic catalysts showed the 
same reactivity in the presence of 1% ethanol, irrespective of their generation. It could 
therefore be deduced that the lower generation dendritic catalysts experienced larger rate 
retardation than the higher generation ones. This could be rationalized by assuming that 
ethanol molecule actually acted as the counter anion and competed with the dienophile for 
binding to the copper centre. As a result, the effective concentration of CnR complex was 
reduced and so was the reaction rate. It should be pointed out that dramatic metal 
counterion effect on catalyst reactivity had been observed by Evans.73c The fact that the 
reactivities of the lower generation catalytic dendrimers were slowed down to a larger 
extent than the higher generation ones may be attributed to the stronger binding or faster 
diffusion rate of ethanol molecule to the metal centre, due to the relatively exposed catalytic 
centre in the lower generation dendrizymes. 
IV-3-3 Substrate Selectivity 
The encapsulation of a catalytic functionality within a dendritic matrix may provide 
the key for successful substrate control of a catalytic r e a c t i o n . ? � T h e dendritic catalyst of 
different generations may therefore displace substrate selectivity in a competitive 
experiment involving two competing dienophiles of different steric properties towards 
cyclopentadiene (Cp). Therefore several competitive experiments involving two different 
crotonyl imide 105 and 106 were performed on the non-dendritic bis(oxazoline) 121, G1 
81 and G3 83 copper(II) complexes. The formation of respective Diels-Alder adducts 
,：, 107 and 108 as a function of time for these three catalysts under non-saturated kinetic 
conditions are shown in Figure 15. 
Examination of the reaction profile showed that the smaller crotonyl imide 105，as 
expected, reacted faster than the bulkier analog 106 in all three catalysts studied. The non-
dendritic bis(oxazoline) 121 and G1 catalysts, displaced similar reactivity patterns towards 
the two dienophiles, indicating they possess intrinsically the same selectivity towards them. 
On the other hand, a small but notable difference could be noted for the catalyst prepared 
from the third generation dendritic ligand 83. First of all, significant rate retardation was 
observed for Diels-Alder reaction of both dienophiles. Secondly, a larger reactivity 
difference of the rate of formation of the Diels-Alder adduct was observed. This difference 
may be ascribed to the relatively more sterically congested environment of G3 catalyst, as 
experienced by the sterically more bulkier dienophile 106. 
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Figure 15. Reaction profile for the competitive Diels-Alder reaction of crotonyl imide 105,106 and 
Cp in CH2Cl2 using bisoxazoline 121- (top left), G1- (top right) and G3- O>ottom right) 
copper (II) complexes as catalysts under non-saturation kinetic conditions. Conditions: 
[catalyst] = 0.0012 M, [105] and [106] = 0.006 M each, [Cp] = 1.55 M, T = 25.0 土 0.1 X . 
Such results was noticed more clearly if one compared the ratio of the initial 
velocities for the formation of the two Diels-Alder adducts for the different catalyzed 
reactions. For the non-dendritic 121-Cu(II) catalyst, the ratio of the initial velocities for 
the formation of 107 to 108 was 1.06, whereas the corresponding values for G1- and G3-
Cu(II) complexes were 1.08 and 1.19 respectively. Thus, the smaller dienophile 105 
reacted a little faster than 106 with Cp when catalyzed by G3-Cu(H) complex, as compared 
to the lower generation ones 
Although the observed enhanced substrate selectivity for G3-catalyst was not 
significantly high to warrant its practical usefulness in synthesis. Nonetheless, we believe 
that with carefully designed dendritic sector and its proper disposition around the catalytic 
centre, it is possible to create artificial dendrizymes with better substrate selectivities. 
IV-4 Syntheses and Properties of Optically Active Dendritic 
Bis(oxazoline) Ligands and Their Copper(II) Complexes Catalysts 
IV-4-1 Background 
The preparation of optically active dendrizymes with excellent reaction in 
enantioselectivity has always been one of the fascinating goals. Since Brunner disclosed in 
a r e p o r t ^ 5 a that reaction enantioselectivities could be improved with buUcy chiral ligands, it 
was of interest to study the optical induction properties for the catalysts prepared from the 
different generations of bis(oxazoline) dendritic ligands 109 -112 (GO* - G3*) bearing 
chiral functionalities. For this purpose, the various chiral dendritic fragments described in 
I Chapter IH were used to hook onto the catalytic bis(oxazoline) moiety to create optically ； 
pure bis(oxazoline) ligands 109 -112 for use in asymmetric Diels-Alder reactions. 
Because of the structural flexibility of these polyether dendritic fragments, it is very 
difficult to predict the relative distance between the catalytic bis(oxazoline) moiety and the 
optically active (L)-tartrate derived units. Since the bis(oxazoline) moiety is no less than 10 
bonds away from the chiral centres, it is difficult to envisage how optical induction could 
be transmitted through space to the catalytic centre. This argument is especiaUy true for the 
lower generation dendrizymes. On the other hand, for the G3 dendrizymes, because of the 
steric buUc between the chiral sectors and the possibility of folding back of the chiral sectors 
towards the catalytic units, it may be possible to see optical induction in this generation. 
With this in mind, we decided to prepare these optically active dendrizymes and studied 
their optical induction properties. 
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In the following discussions, the notation described in Chapter IV will again be 
used to designate the various dendritic structures. However, since this series of 
compounds are all optically active, the ’*’ symbol will be attached to each designation. 
After cycUzation, the notation Gn* will be used to denote the chiral bis(oxazoline) dendritic 
ligands 109 -112 of various generations. 
IV-4-2 Syntheses and Characterization of Chiral Dendritic Bis(oxazoline) 
Ligands 109-112 
The synthesis of the chiral catalytic dendritic ligands 109 -112，Gn* (n = 0-3)， 
was similar to the achiral ones but with slight modifications. The different (L)-tartrate 
derived chiral dendritic fragments 46, 66, 68 and 72 described previously in Chapter III 
were used as the starting materials (Scheme 13). Bis-0-alkylation of the previously 
prepared di-phenol 90 (K2CO3, DMF, 110 °C) with mono-0-arylated tosyl ester 46 
provided the bis(alcohol) 113，GO*-NH(CH2)2OH, in 30% yield. Similarly, coupling of 
first generation optically active dendritic bromide 66 to the di-phenol 90 (K2CO3, DMF, 
110 oc) afforded Gl*-NH(CH2)2OH 114 in 23% yield. Such inefficient coupling 
reactions could be attributed to the poor solubility of the poly-hydroxylated core precursor 
90. Nonetheless, subsequent bromination (PPh3/CBr4) and cyclization (NaOH, 
EtOHAW) of the bis(bromide)s 117 and 118 fumished the chiral catalytic dendrimers 
GO* 109 and G1* 110 in overall yields of 20% and 12% from 90. 
In order to improve the yield of the coupling reaction, the di-bromide 91 was used 
instead as the alternative core precursor since it showed far better solubility in most 
common organ solvents. Thus, coupling of the di-bromide 91 to the dendritic sector 68, 
G2*-OH gave G2*-NH(CH2)2OH 115 in 45% yield (Scheme 14). Finally, 
transformation of 115 into bis(bromide) 119 (PPh3/CBr4) followed by cyclization 
(NaOH, EtOH7THF) afforded G2* 111 in overall yield of 32% from 91. 
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Scheme 13. Reagents: (i) 46，K2CO3, DMF; (ii) Gl*-Br 66，K2CO3, DMF; (iii) 
PPh3, CBr4; (iv) NaOH, H2Oy^ tOH. 
Although the di-bromide 91 was a better choice in the synthesis of G2* 111, the 
bis(alcohol) of the third generation 116，G3*-NH(CH2)2OH, could only be obtained in 
fair yield (38%). Moreover, this compound 116 did not undergo smooth bromination 
(PPh3/CBr4). An alternative route was therefore sorted for the preparation of G3* 112 
(Scheme 15). The di-alcohol 89 was firstly converted into the di-bromide 120 via the 
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Scheme 14. Reagents:� G2*-OH 68，K2CO3, DMF; (ii) PPh3, CBr4; (iii) 
NaOH, H2OylEtOH, (iv) G3*-OH 71, Cs2CO3, DMF. 
Mitsunobu procedure (PPh3, CBr4, THF), which was subsequently cyclized to give the 
bis(oxazoline) 121 as a white solid (m.p. 160-162�C) in 82% yield. Hydrogenation of 
121 (Pd-C，EtOH) fumished the dihydroxy-bis(oxazoline) core 122 as a white crystalline 
solid (>280 °C) in 60% yield. The optically active bromide, G3*-Br 72，was then allowed 
to couple with 122 to give the desired product G3* 112 in one step in 29% yield. This 
relatively poor yield could be due to the poor solubility of the bis(oxazoline) 122 as well as 
competing reactions arising from the more nucleophilic bis(oxazoline) nitrogen atoms. 
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Scheme 15. Reagents: (i) PPh3, CBr4; (ii) NaOH, H2O/EtOH; (iii) 1¾, 10% 
Pd-C; (iv) G3*-Br 72, Cs2CO3, DMF. 
The structural identity of the di-bromide 120 was confirmed by the distinctive 
triplet lR signal at 5 3.29 and 13c signal at 5 31.3 of the methylene protons and the carbon ; 
I adjacent to the bromine atom respectively. For the bis(oxazoline) core 121, the two triplet 
lH signals at 5 3.79 and 4.21 which corresponded to the methylene protons adjacent to the 
nitrogen and oxygen atoms respectively together with the disappearance of the amide 
protons were informative enough to prove the successful cyclization of the di-bromide 
120. 
As mentioned before, the tert-buiyl moiety serves as the reference marker to 
measure the number of surface groups in these molecules. Therefore, by measuring the 
relative integration of the singlet signal of the f-butyl group (5 ~1.3) and the triplet signal (5 
-3.6) ascribed to the methylene protons adjacent to the hydroxyl group, the completeness 
of the coupling reactions between the chiral sectors and the various core precursors could 
be evaluated accurately (Table 6). 
Table 6. The chemical shifts and relative intensities of proton signals of Gn*-
NH(CH2)2OH (n = 0-3). 
Chemical shift (ppm) Relative intensity ratio 
t-Bu CH2OH Theoretical Found 
GO*-NH(CH2)2OH 113 L28 3 ^ 4.5j 1 4.5: 1 
Gl*-NH(CH2)2OH 114 L28 3.59 一 9: 1 U: 1 
G2*-NH(CH2)2OH 115 L28 3.58 “ 18: 1 11： 1 
G 3 * - N H ( C H 2 ) 2 0 H 116 L28 3.50-3.60 一 36: 1 32: 1 
The successful synthesis of the bis(bromide)s 117 -119，Gn*-NH(CH2)2Br (n = 
0-2)，were deduced from the distinctive triplet and quartet signals at about 5 3.3 and 3.5 
which were attributed to the methylene protons adjacent to the bromine and nitrogen atoms 
respectively. For the chiral bis(oxazoline) dendrimers 109 -111, Gn* (n = 0-2), the 
complete disappearance of the amide triplet signal (5 -7.5) observed in their bis(bromide) 
precursors 117 -119 was one of the important indications for the complete cyclization. In 
addition, the characteristic triplet H^ signals at around 6 3.77 due to the methylene protons 
adjacent to the nitrogen atom in dendrimers 109 -112, together with the most down-field 
13c signals at around 8 167.3 indicated the presence of the oxazoline rings. Furthermore 
the appearance of the IR band at 1660-1650 cm_l among the various Gn* (n = 0-2) were 
consistent with the presence of the oxazoline C=N bond stretching frequency. Apart from 
G3* 112, where its molecular ion could not be determined by the mass spectrometer 
available to us, the molecular weights for the other generations were found to be within 
experimental error with their respective calculated values. Hence the chiral ligands 109 -
111 showed molecular ions at 920，1804 and 3574 respectively. 
The relative molecular weight of G3* 112, however, could be estimated by looking 
at the SEC chromatogram of the various chiral dendritic ligands Gn* (n = 0-3) (Figure 16). 
A closer look at the SEC profile of G3* indicated the presence of a small amount of minor 
impurities. Nevertheless, G3* still had a reasonably narrow molecular weight distribution 
(Mw/Mn = 1.09) and the M^ and M^ values (7035 and 7730 respectively) were in good 
accord to the calculated value (7110). 
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Figure 16. Size exclusion chromatogram of various chiral bis(oxazoline) dendrimers 
(Waters HR1, HR2 and HR4 columns in serial; temperature: 40�C; 
- solvent: THF; flow rate: 1.0 mVmin). 
IV-4-3 Chiroptical Properties 
The specific rotation and molar rotation values for this series of optically active 
dendrimers and those of their precursors are shown in Table 7. The specific rotations of 
these optically compounds remained essentially constant (in the range of -24 and -42) and 
the molar rotations were almost directly proportional to the number of chiral tartrate units 
resided on the surface region. Based on this series of chiral molecules, the average 
contribution per (L)-tartrate unit towards the overall molar rotation was -155. This was 
close to the average contribution (-141) from the (L)-chiron reported in Chapter IH. Hence, 
it could be concluded that the chiroptical contribution from each chiral tartrate unit was 
again independent of the functional environment around them. 
Table 7. Optical rotation values of the chiral bis(oxazoline) dendrimers 109 -112 and 
their bis(alcohol)s 113 - 116 and bis(bromide)s 117 - 119 precursors: 
Compound Specific rotation [a]j) molar rotation molar rotation/tartrate 
i ^ 
CT*-NH(CH2)2QH 113 — -33.9 -323 -162 
Gl*-NH(CH2)2QH 114 _ -31.7 -583 — -146 
m*-NH(CH2)2OH 115 -30.8 -1111 -139 
G3*-NH(CH2)2QH 116 — -34.9 -2493 — -156 
GO*-NH(CH2)2Br 117 -24.0 -259 — -130 
Gl*-NH(CH2)2Br 118 -27.1 一 -532 -133 
G2*-NH(CH2)2Br 119 -32.4 -1209 -151 一 
一 GO* 109 -37.3 -342 -171 
G1* 110 — -37.5 -676 一 -169 
G2* 111 -42.0 -1499 一 -187 
i G3* 112 -37.1 -2636 -165 
IV-4-4 Enantioselectivity of the Metal-catalyzed Diels-Alder reaction 
The optically active dendritic copper(II) catalysts of different generations (Cn*) 
were prepared by stirring a 1 : 1 mixture of the chiral dendrimer (Gn*) and copper(II) 
triflate in anhydrous dichloromethane until the complete dissolution of the solid copper(II) 
triflate. The two Diels-Alder reaction partners used were cyclopentadiene and the crotonyl 
imide 103. As expected, there were observable differences in the reaction rate amongst the 
different generation catalysts. The reaction catalyzed by CO* and C1* catalysts (5 mole%) 
was completed in 1 day while the higher generation C2* and C3* catalysts (3 mole%) 
required about 5 days for completion. 
0 + 。 ^ ^ ^ ^ 叙 
103 (R) 104 (P) 
Cn* = copper(II) complexes of Gn* (n = 0-3) 
The chemical yields for the Diels-Alder adduct 1 0 4 amongst different generation 
catalysts were in the range of 91-96% and the endo/exo product ratios, deduced from the 
lH NMR spectra, for all the reactions were essentially the same (80/20). However, optical 
inductions for all the chiral bis(oxazoline)-copper(II) catalyzed reaction, were 
disappointingly poor. In all cases, the enantiomeric excess was less than 1%. This could 
be due to the remoteness of the chiral units from the catalytic centre. In addition, the 
flexible dendritic branches may also reduce the chance of having the chiral centres staying 
near the catalytic pocket long enough to create optical induction. 
IV-4-5 Conclusions 
Our kinetic investigations revealed that the copper(n)-catalyzed Diels-Alder reaction 
employing achiral bis(oxazoline) copper(II) dendritic catalysts followed enzymatic 
Michaelis-Menten relationships, demonstrating fast reversible formation of the dendrizyme-
dienophile complex (CnR), prior to the rate-limiting conversion to the Diels-Alder adduct. 
Furthermore, the catalytic reactivity and substrate binding profile of the dendrizymes were 
shown to be controlled by the size and generation of the dendritic sector. Generally 
speaking, the larger the dendritic sectors, the weaker was the binding between the 
dienophile and the catalyst. More interestingly, kinetic evidence suggested that the 
copper(II)-bis(oxazoline) functionality was exposed to the surrounding at the earlier 
generations, but became partially buried inside the dendritic matrix at the third generation. 
As a result’ the diffusion rate of Cp to the third generation dendrizyme-dienophile complex 
was impeded, taproved substrate selectivity, as shown in the competitive experiment, was 
observed for the third generation dendrizyme although the selectivity was not strong 
enough to warrant practical applicability. FinaUy, there was little optical induction for the 
Diels-Alder reaction catalyzed by the chiral dendrizymes, probably because the chiral 
fragments were too remote from the catalytic centres. 
V Summary 
A series ofoptically active, tartaric acid-based lower generation homo-dendrimers 
and layer-block co-dendrimers was prepared by an iterative, convergent method. The 
surface sector of the dendrimer was made up of 4-rerf-butylphenoxy groups and the 
branching junctures employed were phloroglucinol moieties. The chiral elements used 
were derivatives of (D)- or (L)-tartaric acids and they served as the chiral branches in the 
dendrimer. Attempts to synthesize the related higher generation homologs failed. 
However, with slight synthetic modifications, a related series of higher generation, layer-
block chiral dendritic fragments could be prepared. Instead of having all branches made up 
of chiral tartrate units, the inner connecting branches were replaced by optically inactive 
three-carbon aUcyl chains while the branches located at the peripheral region remained 
opticaUy active. 
Investigation of the optical rotation properties of these chiral dendrimers and their 
intermediates revealed that the molar rotation of these molecules was proportional to the 
number of chiral tartrate units in excess within the dendritic matrix, indicating that the chiral 
units acted as independent, non-interacting moieties. Moreover, the optical rotation 
strength of a (D)-tartrate derived chiral unit canceled that of its antipodal (L)-chiron on a one 
to one molar basis. Circular dichroism studies showed that the cancellation effect was 
more effective when both the (D)- and (L)-chirons were situated within the same layer of the 
layer-block dendrimers. 
These optically active dendritic fragments were then used to prepare a novel series 
of optically active dendritic bis(oxazoline) ligands for use in asymmetric Diels-Alder 
reaction. In order to reveal the mechanism of this catalyzed reaction, a related series of 
optically inactive dendritic bis(oxazoline) ligands were synthesized. Kinetic investigations 
showed that this copper(n)-bis(oxazoline) catalyzed reaction followed enzymatic Michaelis-
Menten relationships. The mechanism of the reaction firstly involved a complexation 
between the catalyst and the dienophile, followed by a rate determining diffusion of the 
diene into the catalytic cavity and the subsequent formation of the Diels-Alder adduct. 
Upon reactivity studies of these dendritic catalysts across the different generations, it was 
discovered that the binding constants between the catalyst and the dienophile gradually 
decreased with increasing dendrizyme generation. This observation could be attributed to 
the increased distortion and hence destablization of the CR complex from its optimal 
geometry, as a result of the increasing steric repulsion between the two large dendritic 
sectors of the higher generation dendrizymes. On the other hand, the rate constant for the 
formation of the Diels-Alder adduct remained essentially the same from the zeroth to the 
second generations, but dropped suddenly with the third generation dendrizyme. Since this 
rate determining process involved the diffusion of the diene from the buUc solution into the 
catalytic cavity, it was postulated that the catalytic centre suddenly became sterically 
crowded at the third generation. In order to explain this finding, we postulated that the 
catalytic core group which was essentially open to the surroundings at the earlier 
generations became partially buried in the interior of the dendritic matrix at the third 
generation. It was also discovered that ethanol molecule acted as an inhibitor for this 
reaction and the rate retardation was more pronounced for the lower generation 
dendrizymes. In addition, the third generation dendrizyme showed a slightly higher 
substrate selectivity towards the smaller dienophile than the lower generation ones in a 
competition experiment involving two dienophiles with different steric properties. Though 
the observed selectivity was not significantly high to warrant its practical use in synthesis. 
Finally, no distinctive optically induction could be achieved with our optically active 
dendrizyme-catalyzed Diels-Alder reactions, this may be due to the remoteness of the chiral 
surface sectors from the catalytic unit in this present series ofchiral dendrizymes. 
VI Experimental 
General section. Melting points were measured on a Reichert Microscope apparatus 
and are uncorrected. lR NMR spectra (250 or 500 MHz) were recorded on a Briiker WM 
250 and Briiker ARX 500 spectrometers respectively. 13C (62.9 MHz) NMR spectra were 
recorded on a Briiker WM 250 spectometer. All NMR measurements were carried out at 
room temperture in deuteriochloroform with Me4Si (TMS) as internal standard unless 
otherwise specified. Chemical shifts are reported as parts per million (ppm) in 8 scale 
downfield from TMS. Coupling constants (/) are reported in hertz. IR spectra were 
recorded on a Nicolet 205 or on a Perkin-Elmer 1600 series FT-IR spectrometer as film on 
KBr disc. Mass spectra were obtained on VG 70-70 or HP 5989B mass spectrometers or 
on a Briiker APEX 47e FTMS with liquid secondary-ion mass spectrometry (L-SIMS) 
method or electrospray ionization (ESI) technique or on a Bruker BifIex Time of Flight 
mass spectrometer with MALDI method. UV-visible light spectra were recorded on a 
I 
I Hitachi U-2000 spectrometer. Optical rotations [a]o were measured at 589 nm and at 
temperature t on either a JASCO DIP-370 or Perkin Elmer 341 digital polarimeter. Size 
exclusion chromatography (Styragel HR4, HR2 and HR1 SEC columns ； 7.8 x 300 mm in 
I 
j series) was carried out with THF as solvent on a Waters HPLC 510 pump equipped with a 
Waters 486 tunable UV absorbance detector. Separation of enantiomers of Diels-Alder 
adducts was performed on a Chiralcel OD HPLC columns obtained from Daicel Chemical 
Industries, Ltd. CD spectra were recorded on a JASCO J-720 spectropolarimeter using 
acetonitrile as the solvent. Gas chromatography analysis was performed using a Hewlett 
Packard 5890 series II gas chromatograph interfaced to a Hewlett Packard 3396 series H 
integrator. Separation was performed using J&W DB-1 capillary column (32.8 mm i.d. x 
25 m) under the conditions indicated below. Elemental analyses were carried out at either 
Shanghai Institute of Organic Chemistry, Academic Sinica, China or MEDAC Ltd., 
Department of Chemistry, Brunei University, Uxbridge, Middlesex UB8 3PM’ United 
Kingdom. All nonaqueous reactions were carried out under a dry nitrogen atmosphere 
with flame-dried glassware. All reactions were monitored by thin layer chromatography 
(TLC) performed on Merck precoated silica gel 6OF254 plates, and compounds were 
visualized with a spray of 5% w/v dodecamolybdophosphoric acid in ethanol and 
subsequent heating. Flash chromatography was carried out on columns of Merck Keisel 
gel 60 (230-400 mesh). Unless otherwise stated, all chemical were purchased from 
commercial suppliers and used without further purification. All solvents were reagent 
grade. Dichloromethane and N,N-dimethylforamide were distilled from P2O5 and stored 
over 4 A molecular sieves. Cyclopentadiene was freshly distilled before use. THF was 
freshly distilled from sodiunVbenzophenone ketyl under nitrogen. (E)-2-pentenoyl and 
(E)-2-octenoyl chloride were prepared from their corresponding acid precursors.8l 
(25,35)-(-)-1,4-di-0-tosyl-2,3-0-isopropylidene-L-threitol and its antipode were prepared 
according to the literature p r o c e d u r e . 6 0 Spectroscopic data for the dienophile 103 and 
cycloadduct 104 can be referred to the l i t e r a t u r e s . 8 2 
Experimental Section for all (L)-Tartaric acid-based Dendrimers: 
General procedure for synthesis of l'0'tosyl-4-(4-icn-butylphenoxy)-2,3'0-
isopropylidene threitol 46 and 60. A mixture of 4-^rr-butylphenol (1.0 mol equiv.), di-
0-tosyl ester 45 or 55 (1.8 mol equiv.) and potassium carbonate (2.0 mol equiv.) in DMF 
was stirred under nitrogen at 100 °C for 48 h. The reaction mixture was cooled and the 
solvent evaporated under reduced pressure. The residue was taken up in ethyl acetate and 
suction filtered. The filter cake was washed with ethyl acetate. The combined filtrates 
were concentrated and the residue purified as described below: 
Mono-0-arylated tosyl ester 46. This was prepared from (25,35)-1,4-Di-0-tosyl-2,3-
CMsopropylidene-L-threitol60 45 and purified by flash chromatography on silica gel 
(hexane/ethyl acetate = 7/1) to give the tosyl ester 46 (74%) as a pale yellow syrup, which 
was crystallized from hexane-diethyl ether (4:1 v/v) to provide analytically pure white 
crystalline needles, m.p. 65-67�C; Rf 0.31 (hexane/ethyl acetate = 5/1); [a]o _15.6 {c 
'i.‘ 
1.31 in CHCl3); a)max(film)/cm-l 1365’ 1178 (OSO2); Sn 1-30 (9H, s, t-Bu\ 1.38 (3H, s, 
C//3), 1.40 (3H, s，C//3), 2.43 (3H, s, OSO2ArCH3), 3.92-4.31 (6H, m, 2 OCH and 2 
OC//2), 6.78 (2H, d, J 8.9，Ar//), 7.29 (2H, d, J 8.8，Ar//)，7.32 (2H, d’ J 8.4， 
OSO2ArH) and 7.80 (2H, d, J 8.3, OSO2ArH); 5c 21.5, 26.9，27.0, 31.5, 34.1, 68.4, 
69.3, 76.0, 76.6, 110.6, 114.2，126.3, 128.1’ 129.8, 133.2, 144.3, 144.9 and 156.2; 
m/z (EI) 449 (M+H+’ 96%)，434 (M+H+- CH3, 100), 357 (M+ - C7H7, 14), 155 (13) and 
91 (15). Anal. Found: C 64.11’ H 7.31. C24H32O6S requires C 64.26, H 7.19. 
Mono-O-arylated tosyl ester 60. This was prepared from (2R,3R)-1,4-Di-0-tosyl-2,3-
O - i s o p r o p y l i d e n e - D - t h r e i t o l 6 0 55 and purified by flash chromatography on silica gel 
(hexane/ethyl acetate = 7/1) to give the tosyl ester 60 (47%) as pale yellow syrup, which 
solidified as a pale brown solid upon refrigeration, m.p. 54-56�C; R{ 0.31 (hexane/ethyl 
acetate = 5/1); [ a ] ^ +12.8 (c 3.87 in CHCl3); Dmax(film)/crn-i 1366, 1178 (OSO2); 5n 
1.30 (9H, s, t'Bu), 1.38 (3H, s, CH3), 1.41 (3H, s, C//3), 2.42 (3H, s, OSO2ArC//3), 
3.95-4.35 (6H, m, 2 OCH and 2 OC//2), 6.78 (2H, d, J 8.8，Ar//), 7.29 (2H, d, J 8.8, 
ArH), 7.32 (2H, d, J 7.6，OSO2ArH) and 7.80 (2H, d, J 8.3, OSO2ArH); 5c 21.4, 26.6， 
26.7’ 31.53 33.9, 67.9, 69.2, 75.5，76.3, 110.4，113.8, 126.1, 127.8，129.7，132.5, 
143.8, 144.9 and 155.8; m/z CEI) 448 (M+, 10%), 447 (M+ - H, 36), 432 (M+ - CH4, 34), 
155 (68) and 91 (100). Anal. Found: C 63.73，H 7.27. C24H32O6S requires C 64.26，H 
7.19. 
Dendritic benzyl ether 49. A mixture of 5-benzyloxy-resorcinol 48 (2.00 g, 9.30 
mmol), the mono-0-arylated tosyl ester 46 (9.00 g, 20.0 mmol) and potassium carbonate 
(6.50 g, 47.0 mmol) in DMF (150 mL) was stirred at 120 °C under nitrogen for 40 h. The 
reaction mixture was cooled and the solvent evaporated under reduced pressure. The 
residue was taken up in ethyl acetate and suction filtered to remove the inorganic 
precipitate. The filter cake was washed with ethyl acetate. The combined filtrates were 
concentrated and the residue chromatographed on silica gel (hexane/ethyl acetate = 7/1) to 
give the benzyl ether 49 (4.60 g, 65%) as a colourless syrup; R{ 0.38 (hexane/ethyl acetate 
=5/1); [a]^ -55.3 (c 0.38 in CHCI3)； 5n 1.28 (18H, s, 2 t-Bu), 1.49 (12H, s, 4 CH3), 
4.10-4.29 (8H, m, 4 OCH2), 4.30-4.34 (4H, m, 4 OCH), 4.98 (2H, s, PhCH2O), 6.18 
(lH, t, J 1.8, ArH), 6.23 (2H, d, ] 1.8, ArH), 6.86 (4H, d, J 8.8，Ar//), 7.28 (4H, d, J 
8.7, ArH) and 7.28-7.42 (5H, m, PhCU2O); 5c 27.1, 31.6, 34.1，68.9, 69.0, 70.3， 
77.3, 95.0，95.5, 110.4，114.3，126.3, 127.5, 128.0, 128.6，137.0，144.2, 156.5, 160.6 
and 160.9; m/z (FAB) 769 (M+H+, 14%). Anal. Found: C 73.51, H 7.99. C47H60O9 
requires C 73.41, H 7.86. 
Dendritic phenol 50. A suspension of the benzyl ether 49 (0.30 g, 0.38 mmol) and 
10% pal ladium-on-charcoal (30 mg) in absolute ethanol (20 mL) was stirred at room 
temperature under an atmospheric pressure of hydrogen. After 3 h, the suspension was 
filtered through a pad of Celite and the filtrate concentrated. The residue was purified by 
flash chromatography on silica gel (hexane/ethyl acetate = 4/1) to afford the dendritic 
20 
phenol 50 (0.25 g, 94%) as a colourless syrup; /^f0.13 (hexane/ethyl acetate = 5/1); [ a b 
-52.4 (c 0.53 in CHCl3); Dmax(film)/cm-l 3600-3200 (OH); 5n 1.29 (18H, s, 2 t-Bu), 
1.49 (12H, s, 4 C H i ) , 4.07-4.25 (8H, m, 4 00/2)，4.26-4.34 (4H, m, 4 OCH), 5.02 
(lH, s, OH), 6.05 (2H, d, J 2.0, ArH), 6.13 (lH, t, J 2.0, ArH), 6.86 (4H, d, J 8.8， 
ArH) and 7.30 (4H, d, J 8.8, ArH); 5c 27.1，31.5, 34.1, 68.8, 76.8，77.1，94.5, 95.7, 
110.4，114.2，126.3, 144.1，156.3, 157.8 and 160.6; m/z (EI) 678 (M+, 6%), 564 (M+ - 2 
C4H9, 3), 276 (60) 135 (100) and 57 (88). Anal. Found: C 70.63, H 8.03. C40H54O9 
requires C 70.77，H 8.02. 
The zeroth generation dendrimer (GO) 4 1 . A mixture of the phenol 5 0 (0.24 g, 0.35 
mmol), mono-0-arylated tosyl ester 46 (0.16 g, 0.35 mmol) and potassium carbonate 
(0.10 g, 0.70 mmol) in DMF (10 mL) was stirred at 120 °C under nitrogen for 6 h. The 
j reaction mixture was cooled to room temperature and the solvent evaporated under reduced 
i 4 
pressure. The residue was taken up in ethyl acetate and suction filtered. The filter cake 
was washed thoroughly with ethyl acetate. The combined filtrates were concentrated and 
the crude product purified by flash chromatography on silica gel (hexane/ethyl acetate = 
7/1) to afford the zeroth generation dendrimer 41 (0.27 g, 80%) as a colourless syrup; Ri 
0.30 (hexane-ethyl acetate = 5/1); [a]^ -59.6 (c 2.60 in CHCI3)； 5n 1.28 (27H, s, 3 t-
Bu), 1.49 (18H, s, 6 CH3), 4.07-4.22 (12H, m, 6 00/2)，4.24-4.39 (6H, m, 6 OCH), 
6.18 (3H, s，core ArH), 6.86 (6H, d, J 8.8, ArH) and 7.29 (6H, d, / 8.9，ArH); 5c 27.1, 
31.5，34.1, 68.9，69.0, 76.9，77.2，95.1，110.4，114.3, 126.3, 144.1，156.4 and 160.6; 
m/z (FAB) 955 (M+，4%). Anal. Found: C 71.44, H 8.21. C57H78O12requires C 71.67, 
H 8.23. 
Dendritic tosyl ester 51. A mixture of the phenol 50 (3.40 g, 5.01 mmol), di-0-tosyl 
ester 45 (7.00 g, 14.8 mmol) and potassium carbonate (3.50 g, 25.4 mmol) in DMF (75 
mL) was stirred at 110 °C under nitrogen for 2 h. The reaction mixture was cooled to room 
temperature and the solvent evaporated under reduced pressure. The residue was taken up 
in ethyl acetate and suction filtered. The filter cake was washed with ethyl acetate until the 
filter cake tumed to pale brown. The filtrate was concentrated and the crude product 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 4/1) to provide the 
dendritic tosyl ester 51 (4.00 g, 82%) as a white foam; Rf 0.25 (hexane/ethyl acetate = 
4/1); [a]g^ -56.0 (c 0.41 in CHCl3); Dmax(filni)/cm-l 1369，1177 (OSO2); 5n 1.29 (18H, 
s, 2 t-Bu), 1.36 (3H, s, C//3), 1.39 (3H, s, CH3), 1.50 (12H, s, 4 CH3), 2.42 (3H, s, 
OSO2ArC//3), 3.90-4.34 (18H, m, 6 OCH and 6 OC//2), 6.13 (2H, d, J 2.0，Ar//), 6.20 
(lH, t, J 1.9, ArH), 6.87 (4H, d, J 8.8, ArH), 7.30 (4H, d, J 8.8, ArH), 7.31 (2H, d, J 
8.2, OSO2ArH) and 7.78 (2H, d, J 8.3, OSO2Ar//); 5c21.5, 26.9，27.0, 27.1，31.5, 
34.1, 68.4，68.9, 69.0, 69.2, 76.0，76.4, 76.9, 77.3，95.1, 95.3, 110.4，110.6，114.3, 
126.3, 128.0, 128.1, 129.9, 133.3, 144.1，144.9, 156.4, 160.3 and 160.6; m/z (FAB) 
977 (M+, 11%). Anal. Found: C 66.44, H 7.48. C54H72O14S requires C 66.37, H 7.43. 
Dendritic benzyl ether 52. A mixture of 5-benzyloxy-resorcinol 48 (0.40 g, 2.0 
mmol), tosyl ester 51 (4.00 g, 4.10 mmol) and potassium carbonate (1.40 g, 10.1 mmol) 
in DMF (70 mL) was stirred at 115 °C under nitrogen for 44 h. The reaction mixture was 
cooled to room temperature and the solvent evaporated under reduced pressure. The 
residue was taken up in ethyl acetate and suction filtered. The filter cake was washed with 
ethyl acetate until the filter cake tumed to pale brown. Concentration of the filtrate followed 
by flash chromatography on silica gel (hexane/ethyl acetate = 5/1) provided the dendritic 
benzyl ether 52 (2.35 g, 70%) as a colourless syrup; Rf 0.30 (hexane/ethyl acetate = 5/1); 
[a]g> -60.1 (c 0.38 in CHCI3)； Sn 1.28 (36H, s, 4 t-Bu)’ 1.48 (36H, s, 12 C"3), 4.04-
4 19 (24H, m, 12 OC//2), 4.26-4.34 (12H, m, 12 OCH), 4.95 (2H, s, PhC//2O), 6.16-
6.20 (3H, m, ArH), 6.17 (6H, s, ArH), 6.85 (8H, d, J 8.9, Ar//), 7.28 (8H, d, J 8.9， 
ArH) and 7.26-7.40 (5H, m, PhCH2O); 5c 27.2, 31.6, 34.1, 68.9，69.0，70.3，76.9, 
77.2，95.1, 95.4，110.4，114.3, 126.3, 127.5, 128.0, 128.6，136.9，144.1，156.5, 160.6 
and 160.9; m/z (FAB) 1825 (M+, 6%). Anal. Found: C 70.08，H 7.78. C107H140O25 
requires C 70.37, H 7.73. 
Dendritic phenol 53. A suspension of the benzyl ether 52 (2.30 g, 1.26 mmol) and 
10% paUadium-on-charcoal (200 mg) in a solvent mixture of absolute ethanol-ethyl acetate 
(70 mL, 6:1 v/v) was stirred at room temperature under atmospheric pressure of hydrogen 
for 3 d. The suspension was filtered through a pad of Celite and the filtrate concentrated. 
The crude product was purified by flash chromatography on silica gel (hexane/ethyl acetate 
=3/1) to provide the dendritic phenol 53 (1.60 g, 73%) as a white foam; Rf 0.25 
(hexane/ethyl acetate = 3/1); [a]^ -57.3 {c 0.47 in CHCI3)； Dmax(film)/crn-l 3600-3200 
(OH); 8n 1.28 (36H, s, 4 t-Bu), 1.47 (12H, s, 4 CH3), 1.49 (24H, s, 8 C//3)，4.00-4.39 
(36H, m, 12 OCH2 and 12 OCH), 6.00 (lH, s, OH), 6.06 (2H, d, J 2.0, Ar//), 6.10 
(lH, t, J 1.9, Ar//), 6.14-6.20 (6H, m, ArH), 6.85 (8H, d, J 8.9, ArH) and 7.29 (8H, d, 
J 8.8, ArH); 5c 27.1, 31.6, 34.2, 68.9，69.0, 76.9, 77.3，94.2, 95.1，95.2, 96.0, 110.5, 
114.3, 1263, 144.2，156.4, 157.9 and 160.6; m/z (FAB) 1735 (M+, 6%). Anal. Found: 
C 69.04, H 8.16. C100H134O25 requires C 69.18, H 7.78. 
Thefirst generation dendrimer (G1) 42. A mixture of dendritic tosyl ester 51 (17 mg, 
0.017 mmol), phenol 53 (30 mg, 0.017 mmol) and potassium carbonate (12 mg, 0.087 
mmol) in DMF (20 mL) was stirred at 120 °C under nitrogen for 4 d. The reaction mixture 
was cooled to room temperature and the solvent evaporated under reduced pressure. The 
residue was taken up in ethyl acetate and suction filtered. The filter cake was washed with 
ethyl acetate until the filter cake tumed to pale brown. The filtrate was concentrated and the 
crude product purified by flash chromatography on silica gel (hexane/ethyl acetate = 4/1) to 
give the first generation dendrimer 42 (30 mg, 68%) as a white foam; Rf 0.24 
(hexane/ethyl acetate = 4/1); [a]^ -69.7 (c 0.37 in CHCl3); 5n 1.28 (54H, s, 6 t-Bu), 
1.47 (18H, s, 6 CH3), 1.48 (36H, s, 12 CHi), 4.04-4.22 (36H, m，18 00/2)，4.25-4.37 
(18H, m, 18 OCH), 6.15 (3H, s, core ArH), 6.17 (9H, s, ArH), 6.85 (12H, d, J 9.0, 
KxH) and 7.28 (12H, d, J 8.9，AiH); 5c 27.2, 31.6, 34.1，68.9, 69.0，76.9, 172, 95.2, 
110.4, 114.3, 126.3, 144.2，156.4 and 160.6; m/z (+LSIMS) 2541 (M+H+, 3%). Anal. 
Found: C 69.81，H 8.23. C147H198O36 requires C 69.48, H 7.85. 
Experimental Section for Layer-block Dendrimers: 
Mono-0-alkylated benzyl ether 59. A mixture of 5-benzyloxy-resorcinol 48 (1.00 g, 
4.63 mmol), mono-0-arylated tosyl ester 46 (1.50 g, 3.35 mmol) and cesium carbonate 
I (0.80 g, 2.45 mmol) in DMF (50 mL) was stirred at 90 °C under nitrogen for 2 d. The 
reaction mixture was cooled and the solvent evaporated under reduced pressure. The 
residue was partitioned between ethyl acetate (30 mL) and water (30 mL). The aqueous 
layer was extracted with ethyl acetate (3 x 15 mL) and the combined organic layers washed 
with brine, dried (Na2SO4) and filtered. Concentration of the filtrate followed by flash 
,chromatography on silica gel (hexane/ethyl acetate = 10/1 gradient to 3/1) gave compound 
59 (0.55 g, 34%) as a white solid, m.p. 107-108 °C; Rf 0.29 (hexane/ethyl acetate = 3/1); 
i [a]^ -33.4 (c 1.30 in CHCl3); t)max(film)/crn-l 3390 (OH); Sn 1.29 (9H, s, t-Bu)’ 1.49 
I 
(6H, s, 2 CHsX 4.10-4.30 (4H, m, 2 OCH2), 4.30-4.40 (2H, m, 2 00/)，4.97 (2H, s, 
PhCH2O), 5.34 (lH, br s, OH), 6.05 (lH, t, J 2.1, Ar//), 6.11 (lH, t, J 2.1，Ar//), 6.17 
(lH, t, J 2.1, ArH), 6.86 (2H, d，J 8.9, Ar//), 7.29 (2H, d, J 8.9, ArH) and 7.30-7.45 
(5H, m, P/1CH2O); 8c 27.0, 31.5，34.0, 68.7，70.1, 77.1’ 94.7, 95.5, 96.0, 110.5， 
114.2, 126.3, 127.4, 127.9, 128.5, 136.9, 144.1，156.2, 157.8，160.5 and 160.8; m/z 
(EI) 492 (M+，8%), 342 (M+ - 2 C7H7O - 2 CH3,18), 197 (28), 91 (100), 65 (24). Anal. 
Found: C 73.18，H 7.43. C30H36O6 requires C 73.15, H 7.37. 
Di'0-alkylated benzyl ether 61. A mixture of mono-0-alkylated benzyl ether 59 (0.50 
g, 1.02 mmol), mono-O-arylated tosyl ester 60 (0.50 g, 1.12 mmol) and cesium carbonate 
(0.40 g, 1.23 mmol) in DMF (25 mL) was stirred at 100 °C under nitrogen for 2.5 h. The 
reaction mixture was cooled and the solvent evaporated under reduced pressure. The 
residue was taken up in ethyl acetate and suctioned filtered. The filter cake was washed 
with ethyl acetate until the filter cake tumed to pale brown. Concentration of the filtrate 
followed by flash chromatography on silica gel (hexane/ethyl acetate = 10/1) afforded the 
benzyl ether 6 1 (0.70 g, 89%) as a white foam; Rf 0.42 (hexane/ethyl acetate = 5/1); [ a ] o 
-2.9 (c 4.30 in CHCl3); 5n 1.28 (18H, s, t-Bu), 1.49 (12H, s, 4 CH3), 4.05-4.25 (8H, m, 
4 OC//2), 4.25-4.40 (4H, m, 4 OCH), 4.97 (2H, s, PhCH2O), 6.15-6.25 (lH, m, ArH), 
6.25-6.30 (2H, m, AxH), 6.86 (4H, d, J 8.5, ArH), 7.29 (4H, d，J 8.6，ArH) and 7.30-
7.45 (5H, m, PhCU2O); 5c 27.0, 31.4, 34.0，68.6, 68.7，70.0，76.7’ 94.4，94.9，110.3, 
114.0, 126.1, 127.4，127.9, 128.4, 136.7’ 143.8, 156.1, 160.3 and 160.6; m/z 
(+LSLVlS) 769 (M+, 100%). HRMS Calcd for C47H61O9： 769.4315. Found: 769.4288. 
hS-' 
j 
I Dendritic phenol 62. A suspension of the benzyl ether 61 (0.65 g, 0.85 mmol) and . 
1 0 % palladium-on-charcoal ( 6 0 mg) in a solvent mixture of absolute ethanol-ethyl acetate 
I ( 4 0 mL, 1 : 1 v/v) was stirred at room temperature under an atmospheric pressure of 
hydrogen. After 6 h, the suspension was filtered through a pad of silica gel and the filtrate 
concentrated. The residue was purified by flash chromatography on silica gel (hexane/ethyl 
acetate = 4/1) to fumish the dendritic phenol 62 (0.49 g, 85%) as a white glassy substance; 
jR�0.18 (hexane/ethyl acetate = 5/1); [«语-3:0 (c 1.36 in CHCl3); a)max(film)/crn-l 3389 
(OH); 5n 1.29 (18H, s, 2 t-Bu), 1.49 (12H, s, 4 CH3), 4.10-4.30 (8H, m, 4 OCH2), 
4.30-4.45 (4H, m, 4 OCH), 5.08 (lH, br s, OH)，6.06 (2H, d, J 2.1，AxH), 6.13 (lH, t， 
j 2.0, ArH), 6.86 (4H, d, J 8.8, ArH) and 7.30 (4H, d, J 8.9’ ArH); 8c 27.0, 31.5, 34.1, 
68.6, 68.7, 76.7, 94.3, 95.4, 110.5, 114.0, 126.3, 144.0, 156.2, 157.4 and 160.5; m/z 
(+LSIMS) 679 (M+H+, 100%). Anal. Found: C 70.47, H 8.14. C40H54O9 requires C 
70.77, H 8.02. 
General procedure for synthesis of layer-block dendritic tosyl ester 56 and 63. A 
mixture of the phenol 50 or 62 (1.0 mol equiv.), di-0-tosyl ester 55 (2.0 mol equiv.) and 
potassium carbonate (1.5 mol equiv.) in DMF was stirred at 90 °C under nitrogen for 3 h. 
The reaction mixture was cooled to room temperature and the solvent evaporated under 
reduced pressure. The residue was taken up in ethyl acetate and suction filtered. The filter 
cake was washed with ethyl acetate until the filter cake tumed to pale brown. The 
combined filtrates were concentrated and the crude product purified as outlined below: 
Tosyl ester 56. This was prepared from the phenol 50 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to provide the tosyl ester 56 
OA 
(57%) as a white glassy substance; Rf 0.25 (hexane/ethyl acetate = 4/1); [a]o -29.5 (c 
1.64 in CHCl3); \)max(film)/cm-l 1177 (OSO2)； Sn 1.29 (18H, s, 2 t-Bu), 1.37 (3H, s, 
C//3), 1.39 (3H, s, C//3), 1-48 (6H, s, 2 CH3)’ 1.50 (6H, s, 2 CH3X 2.42 (3H, s, 
OSO2ArCH3), 3.90-4.40 (18H, m, 6 OCH and 6 OC//2), 6.11 (2H, d, J 2.0，ArH), 
6.15-6.20 (lH, m, ArH), 6.86 (4H, d, J 8.9, Ar//), 7.29 (4H, d, J 8.8, ArH), 7.31 (2H, 
d, J 8.5, OSO2ArH) and 7.79 (2H, d, J 8.3, OSO2Ar//); 5c21.5, 26.7，26.8，26.9’ 31.4, 
33.9, 68.0, 68.4，68.6, 68.9, 75.5, 76.0, 76.9, 94.5, 94.6，110.2，110.4, 113.9,126.1, 
127.8, 129.7, 132.5, 143.8，144.9, 156.0, 160.0 and 160.2; m/z (+LSIMS) 978 (M+H+, 
100%). Anal. Found: C 66.63，H 7.54. C54H72O14S requires C 66.37, H 7.43. 
Tosyl ester 63. This was prepared from the phenol 62 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to provide the tosyl ester 63 
(73%) as a white glassy substance; Rt 0.25 (hexane/ethyl acetate = 4/1); [a]o +7.9 (c 
1.52 in CHCl3); t)max(filrn)/cm-l 1177 (OSO2); Sn 1.29 (18H, s, 2 t-Bu), 1.37 (3H, s, 
C//3). 1.39 (3H, s, 0/3)，1.50 (12H, s, 4 CH3), 2.42 (3H, s, OSO2ArCf^3), 3.90-4.40 
(18H, m, 6 OCH and 6 OC//2), 6.11 (2H, d, J 2.0，ArH), 6.18 (lH, t, J 2.0, Ar//), 6.86 
(4H, d, J 8.9, ArH), 7.29 (4H, d, J 8.8，Ar//), 7.31 (2H, d, J 8.0，OSO2ArH) and 7.78 
(2H, d, J 8.3, OSO2ArH); 5c21.6, 26.9，27.0, 27.2, 31.5, 34.1, 68.4，68.9, 69.1，69.2， 
76.0, 77.3，95.1, 95.2，110.4，110.7，114.3，126.3，128.0，129.9, 133.2, 144.2, 145.0, 
156.4, 160.3 and 160.6; m/z (+LSIMS) 978 (M+H+, 100%).- Anal. Found: C 66.76, H 
7.72. C54H72O14S requires C 66.37, H 7.43. 
General procedurefor synthesis of layer-block dendritic benzyl ether 57 and 64. A 
mixture of 5-benzyloxy-resorcinol 48 (1.0 mol equiv.), the tosyl ester 56 or 63 (2.1 mol 
equiv.), and cesium carbonate (3.0 mol equiv.) in DMF was stirred under nitrogen at 110 
oc. The reaction time required was 1 and 1.5 d for compound 57 and 64 respectively. 
The reaction mixture was cooled to room temperature and the solvent evaporated under 
reduced pressure. The residue was taken up in ethyl acetate and suction filtered. The filter 
1 cake was washed with ethyl acetate. The combined filtrates were concentrated and the 
1 crude product purified as described in the following text. 
I Benzyl ether 57. This was prepared from tosyl ester 56 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to provide the benzyl ether 57 
9n 
(55%) as a white foam; Rf 0.23 (hexane/ethyl acetate = 4/1); [a]D -16.7 (c 2.80 in 
CHCl3); SH 1.28 (36H, s, 4 t-Bu), 1.48 (36H, s, 12 CH3), 3.95-4.40 (24H, m, 12 
OC//2), 4.40-4.70 (12H, m, 12 OCH), 4.96 (2H, s, PhCH2O), 6.16 (6H, s, Ar//), 6.20 
(3H, br s, Ar//)，6.85 (8H, d, J 8.7，ArH), 7.29 (8H, d, J 8.8, AiH) and 7.29-7.40 (5H. 
m, PhCU2O); 5 c 27.0, 31.5, 34.1, 68.6, 68.7, 70.1, 76.7，94.4, 94.6，94.9，110.4’ 
114.0, 126.3，127.5, 128.0，128.6, 136.6, 143.9，156.2, 160.3 and 160.6; m/z 
(+LSIMS) 1826 (M+H+, 10%). Anal. Found: C 70.65, H 8.04. C107H140O25 requires C 
70.37, H 7.73. 
Benzyl ether 64. This was prepared from tosyl ester 63 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to provide the benzyl ether 64 
(51%) as a white foam; JRf 0.55 (hexane/ethyl acetate = 3/1); [ a ] ^ +17.6 (c 0.44 in 
CHCl3); 5H 1.28 (36H, s, 4 t-Bu), 1.48 (36H, s, 12 CH3), 4.00-4.25 (24H, m, 12 
OC//2), 4.25-4.40 (12H, m，12 OCH), 4.96 (2H, s, PhCH2O), 6.17 (6H, s, Ar//), 6.19 
(3H, s, AiH), 6.85 (8H, d, J 8.6，ArH), 7.29 (8H, d, J 8.5, Ar//) and 7.30-7.40 (5H, m, 
PhCU2O); 8c 27.0, 31.5，34.1，68.6，68.8, 70.1, 76.7, 94.6, 94.9, 110.4, 114.0, 126.3, 
127.5, 128.0, 128.5, 136.6，143.9，156.2，160.3 and 160.6; m/z (FAB) 1825.0 (M+, 
2%). Anal. Found: C 70.39，H 7.73. C107H140O25 requires C 70.37, H 7.73. 
General procedurefor the preparation oflayer-block dendritic phenol 58 and 65. A 
suspension of benzyl ether 57 or 64 (0.10 g) and 10% palladium-on-charcoal (10 mg) in a 
solvent mixture of absolute ethanol-ethyl acetate (20 mL, 2:1 v/v) was stirred at room 
temperature under an atmospheric pressure of hydrogen for 5 h. The suspension was 
^ ' 
j filtered through a pad of silica gel and the filtrate concentrated. The crude product was 
1 purified as described in the following text. 
Dendritic phenol 58. This was prepared from benzyl ether 57 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 3/1) to give the phenol 58 (70%) as a 
white foam; Rf 0.24 (hexane/ethyl acetate = 3/1); [a]g^ -21.9 (c 2.10 in CHCl3); 
Vrnax(film)/cm-l 3389 (OH); 5n 1.28 (36H, s, 4 t-Bu), 1.48 (12H, s, 4 CH3X 1.49 (24H, 
s, 8 CH3X 4.00-4.20 (24H, m, 12 00/2), 4.20-4.40 (12H, m, 12 OCH), 6.06 (2H, d, J 
1.9, ArH), 6.10 (lH, t, J 2.0, ArH), 6.11 (lH, s, OH), 6.17 (6H, s, Ar//), 6.86 (8H, d, 
j 8.7, ArH) and 7.29 (8H, d, J 8.8，ArH); 5c 27.0, 31.5, 34.1’ 68.6, 68.7, 76.6，93.7， 
94.6，94.8, 95.6, 110.4, 114.0，126.3, 144.0, 156.1，157.8 and 160.3; m/z (+LSIMS) 
1736 (M+H+, 35%). Anal. Found: C 69.09，H 7.94. C100H134O25 requires C 69.18, H 
7.78. 
Dendritic phenol 65. This was prepared from benzyl ether 64 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 3/1) to give the phenol 65 (81%) as a 
white foam; Rf 0.22 (hexane/ethyl acetate = 3/1); [a]^ +18.2 (c 1.00 in CHCl3); 
\)max(film)/cm-l 3379 (OH); 5n 1.28 (36H, s, 4 t-Bu), 1.47 (12H, s, 4 CH3), 1.49 (24H, 
s, 8 C//3), 4.00-4.20 (24H, m, 12 OC//2), 4.20-4.40 (12H, m, 12 OCH), 6.05-6.15 
(3H, m, A r H ) , 6.18 (6H, s, Ar//), 6.86 (8H, d, J 8.7’ ArH) and 7.29 (8H, d, J 8.8， 
ArH); 5c 27.1, 31.5, 34.1, 68.7，68.8, 76.7, 77.1, 93.9, 94.8, 95.0, 95.7, 110.4, 
114.1，126.3, 144.1，156.3, 157.8, 160.4 and 160.5; m/z (+LSIMS) 1736 (M+H+, 
23%). Anal. Found: C 68.92, H 7.84. C100H134O25 requires C 69.18, H 7.78. 
General procedurefor synthesis ofthe first generation layer-block dendrimer (G1) 4 3 
and 4 4 . A mixture of phenol 58 or 65 (1.0 mol equiv.), corresponding dendritic tosyl 
ester 5 6 or 6 3 (1.5 mol equiv.) and cesium carbonate (1.3 mol equiv.) in DMF was stirred 
under nitrogen at 100°C for 15 h. The reaction mixture was cooled to room temperature 
a ‘ 
and the solvent removed under reduced pressure. The residue was taken up in ethyl acetate 
and filtered. The filter cake was washed with ethyl acetate until the filter cake tumed to pale 




Ql 43. This was prepared from phenol 58 and tosyl ester 56 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 4/1) to afford G1 4 3 (65%) as a white 
foam, ^f 0.34 (hexane/ethyl acetate = 3/1); [ a ] ^ -16.2 (c 1.71 in CHCl3); 8n 1.28 (54H, 
s, 6 t-BuX 1.48 (54H, s, 18 CH3), 4.05-4.25 (36H, m, 18 OC//2), 4.25-4.40 (18H, m, 
18 OCH), 6.16 (3H, s, core ArH), 6.17 (9H, s, ArH\ 6.85 (12H, d, J 8.9，AiH) and 
7.28 (12H, d, / 8.9’ ArH); 5c 27.0, 31.5，34.0，68.8, 68.9, 76.8, 77.1’ 95.0, 110.3， 
114.2，126.2，144.0，156.3 and 160.5; m/z (+LSIMS) 2541 (M+H+，5%) Anal. Found: 
C 69.76, H 7.97. C147H198O36 requires C 69.48, H 7.85. 
G1 44. This was prepared from phenol 65 and tosyl ester 63 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 4/1) to afford the G1 4 4 (34%) as a 
white foam; R^  0.34 (hexane/ethyl acetate = 3/1); [a]o +22.8 (c 1.07 in CHCl3) ; 5n 1.29 
(54H, s, 6 t-Bu), 1.48 (54H, s, 18 C H 3 ) , 4.05-4.25 (36H, m, 18 OCH2), 4.25-4.40 
(18H, m, 18 OC//), 6.15 (3H, s, core ArH), 6.16 (9H, s, Ar//), 6.85 (12H, d, J 8.8， 
Ar//) and 7.28 (12H, d, J 9.0，ArH); 5c 27.1, 31.5, 34.1, 68.7, 68.9，76.8，94.8， 
110.4，114.1, 126.3, 144.0，156.3 and 160.4; m/z (+LSIMS) 2541 (M+H+, 1%). Anal. 
Found: C 69.65, H 8.10. C147H198O36 requires C 69.48，H 7.85. 
Experimental section for the synthesis of higher generation chiral dendritic 
fragments: 
i General procedurefor synthesis ofchiral surface dendritic benzyl ether (Gn^-OBn, n = 
2 or 3) 67 and 70. A mixture of 5-benzyloxy-resorcinol 48 (1.0 mol equiv.), individual 
G(n-l)*-Br (2.5 mol equiv.) and potassium carbonate (4.0 mol equiv.) in acetone was 
•4' 
： stirred under reflux. The time required was 38 and 72 h for n = 2 and 3 respectively. The 
I 
I reaction mixture was cooled and filtered through a pad of silica gel. The residue was 
1 thoroughly washed with acetone and the filtrate concentrated. The crude oily substance 
was purified as outlined below. 
I . 
! 
I G2*'OBn 67. This was prepared from Gl*-Br 66 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to provide G2(OBn 67 (81%) as 
a white foam; Rf 0.25 (hexane/ethyl acetate = 4/1); [a]g -38.2 (c 3.35 in CH2CI2)； 8n 
1.28 (36H, s, 4 t-Bu)，1.49 (24H, s, 8 CH3)’ 2.17 (4H, quin, J 5.2, 2 OCH2C//2CH2O), 
4.05-4.20 (24H, m, 2 OC//2CH2CH2O, 4 O C / / 2 C H C H C / / 2 O ) , 4.20-4.40 (8H, m, 4 
O C H 2 C H C / / C H 2 O ) , 4.98 (2H, s, Ph0/20), 6.10-6.20 (9H, m, 3 phloroglucinolic 
units)，6.86 (8H, d, J 8.8’ Ar//), 7.29 (8H, d, J 8.9，Ar//), 7.35-7.45 (5H, m, P/1CH2O); 
Sc 27 1 29.3, 31.5, 34.1，64.6, 64.7, 68.8, 68.9, 70.2, 76.9’ 77.2’ 94.5，94.7, 94.9, 
丨 , 
110.4, 114.2, 126.3, 127.5, 127.9, 128.5, 144.0，156.3, 160.5 and 160.8; m/z 
(+LSIMS) 1654 (M+H+, 7%). Anal. Found: C 71.94’ H 7.82. C99H128O2i requires C 
71.89, H 7.80. 
G3^-OBn 70. This was prepared from G2*-Br 69 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 4/1) to provide G3*-OBn 70 (63%) as 
a white foam; Rf 0.14 (hexane/ethyl acetate = 4/1); [ a ] ^ -36.4 (c 2.10 in CH2CI2)； Sn 
1.28 (72H, s, 8 t-Bu), 1.48 (48H, s, 16 CH3), 2.10-2.30 (12H, m, 6 OCH2CH2CH2O), 
3.90-4.20 (56H, m, 6 OCH2CH2CH2O, 8 OCH2CHCHCH2O), 4.20-4.40 (16H, m, 8 
OCH2CHC//CH2O), 4.97 (2H, s, PhCH2O), 6.08 (9H, m, 3 phloroglucinolic units), 
6.14 (12H, m, 4 phloroglucinolic units), 6.85 (16H, d, J 8.8, ArH), 7.28 (16H, d, J 8.8， 
A r H ) , 7.30-7.40 (5H, m, P/1CH2O); 5c 27.1, 29.4, 31.5, 34.1, 64.8, 68.8，68.9，70.2, 
77.2, 94.5, 94.6, 95.0, 110.4, 114.3, 126.3，127.5, 127.9, 128.3, 144.1, 156.4, 160.5 
and 160. Anal. Found: C 71.20, H 7.77. C203H264O45 requires C 71.20, H 7.77. 
General procedurefor synthesis ofchiral surface dendriticphenol (Gn*-OH, n = 2 or 
3) 68 and 71. A suspension of individual Gn*-OBn (1 mol equiv.) and 10% palladium-
on-charcoal (10% by weight) in a solvent mixture of absolute ethanol-ethyl acetate (2:1 v/v) 
was stirred at room temperature under an atmospheric pressure of hydrogen. The reaction 
was monitored with TLC until all benzyl ether had reacted. The suspension was filtered 
through a pad of silica gel and the filtrate concentrated. The crude product was purified as 
described in the following text. 
G2*-OH 68. This was prepared from G2*-OBn 67 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 3/1) to provide G2*-OH 68 (86%) as 
a white glassy substance; Rf 0.24 (hexane/ethyl acetate = 3/1); [ a ] ^ -30.9 (c 1.17 in 
CH2Cl2); Dmax(film)/cm-l 3444 (OH); Sn 1.28 (36H, s, 4 t-Bu), 1.49 (24H, s, 8 C//3)， 
2.17(4H, quin, J 5.8，2 OCH2CH2CH2O), 4.01-4.21 (24H, m, 2 OOT2CH2CH2O and 4 
OCH2CHCHC//2O), 4.28-4.38 (8H, m, 4 OCH2CHC//CH2O), 5.45 (lH, br s, OH), 
6.02 (2H, s, phloroglucinolic protons), 6.05 (lH, s, phloroglucinolic protons), 6.15 (6H, 
s, 2 phloroglucinolic units), 6.86 (8H, d, J 8.8，Ar//), 7.29 (8H, d, / 8.8, ArH); 5c 27.1, 
29.2, 31.5, 34.0，64.5, 64.7, 68.7，76.8，77.1，94.2, 94.5, 94.8, 9 5 . 1 , 110.4，114.1， 
126.2，144.0’ 156.3, 157.7, 160.8 and 160.9; m/z (LSIMS) 1564 (M+H+, 12%). Anal. 
Found: C 70.37, H 8.30. C92H122O2i requires C 70.65, H 7.86. 
: 
G3*'OH 71. This was prepared from G3*-OBn 70 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 3/1) to provide G3*-OH 71 (73%) as 
91 
a white glassy substance; Rf 0.26 (hexane/ethyl acetate = 3/1); [a]o -35.2 (c 3.03 in 
I"" • 
CH2Cl2); \)max(film)/cm-l 3440 (OH); Sn 1.28 (72H, s, 8 t-Bu)’ 1.48 (48H, s, 16 CH3), 
2.10-2.30 (12H, m, 6 OCH2C//2CH2O), 3.95-4.25 (56H, m，6 OCH2CH2C//2O, 8 
OCH2CHCHCH2O), 4.25-4.40 (16H, m, 8 OCH2CHCHCH2O), 5.95-6.05 (3H, m, 
. . ^ « ' 
phloroglucinolic unit), 6.08 (6H, m, 2 phloroglucinolic units), 6.14 (12H, m, 4 
？ phloroglucinolic units), 6.86 (16H, d, J 8.9，ArH), 7.28 (16H, d, J 8.9, AiH); 5c 27.0, 
t 29.2，31.5, 34.0，64.5，64.7, 68.7, 68.8, 76.8, 77.1，94.2，94.5, 9 4 . 9 , 95.1, 110.3， 
114.2，126.1, 143.9，156.3, 157.8, 160.4 and 160.8. Anal. Found: C 70.73, H 8.00. 
1 Ci96H25g045 requires C 70.61, H 7.80. 
Generalprocedurefor synthesis ofchiral surface dendritic bromide (Gn^-Br, n = 1-3) 
66，69 and 72. A mixture of individual phenol Gn*-OH (1.0 mol equiv.), 1,3-
dibromopropane (10.0 mol equiv.) and potassium carbonate (2.0 mol equiv.) in acetone 
^ 
was stirred under reflux for 10 h. The reaction mixture was cooled and filtered through a 
pad of silica gel. The residue was thoroughly washed with acetone and the filtrate 
a 
concentrated. The crude oily substance was evaporated under reduced pressure to remove 
‘ 
j excess 1,3-dibromopropane and the crude product purified as outlined below. 
GI*'Br 66. This was prepared from Gl*-OH 50 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 7/1) to provide Gl*-Br 66 (89%) as a 
white foam; R{029 (hexane/ethyl acetate = 6/1); [a]^ -29.8 (c 5.00 in CH2CI2)；細 1.28 
(18H, s, 2 t-Bu), 1.49 (12H, s, 4 CN3), 2.23(2H, quin, J 5.8, OCH2C//2CH2Br), 3.53 
(2H, t, J 6.1, OCH2CH2C//2Br), 4.01 (2H, t, J 5.3, OC//2CH2CH2Br), 4.05-4.25 (8H, 
m, 2 OCH2CHCHCH2O), 4.25-4.35 (4H, m, 2 OCH2CHCHCH2O), 6.15 (2H, s, 
phloroglucinolic proton), 6.17 (lH, s, phloroglucinolic proton), 6.86 (4H, d, J 8.6，AiH), 
7.29 (4H, d, J 8.4，ArH); 5c 26.9, 29.4’ 31.3, 32.2, 33.9, 65.4, 68.6，68.7, 76.7，94.6, 
94.8, 110.1, 114.0, 126.1, 143.8, 156.2, 160.4 and 160.5; m/z (+LSIMS) 799 (M+H+， 
60%). Anal. Found: C 64.83，H 7.42. C43H59O9Br requires C 64.57, H 7.43. 
G2*-Br 69. This was prepared from G2*-OH 68 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to provide G2*-Br 69 (80%) as a 
white foam; Rf 0.50 (hexane/ethyl acetate = 3/1); [a]o -38.9 (c 1.61 in CH2CI2)；知 1.28 
(36H, s, 4 t-Bu), 1.49 (24H, s, 8 CH3), 2.19(4H, quin, J 5.9, 2 OCH2C//2CH2O), 
i 
2.24(2H, quin, J 6.2, OCH2C//2CH2Br), 3.56(2H, t, J 6.5，OCH2CH2C//2Br), 4.00-
4.20 (26H, m, 2 OCH2CH2CH2O, 4 OC//2CHCHC//2O and OC//2CH2CH2Br), 4.28-
4.38 (8H, m, 4 OCH2CHC//CH2O), 6.08 (3H, s, phloroglucinolic units), 6.14 (6H, s, 2 
phloroglucinolic units), 6.86 (8H, d, J 8.9，ArH), 7.29 (8H, d, J 8.8，Ar//); 5c 27.0, 
29.2, 29.5, 31.4, 32.3, 33.9, 64.5, 65.4, 68.7，68.8, 76.7，94.5, 94.8，110.1,114.1， 
126.1, 143.6, 156.2, 160.4 and 160.7; m/z (+LSIMS) 1686 (M+H+, 14%). Anal. Found: 
C 68.06, H 7.65. C95H127O2iBr requires G 67.72，H 7.60. 
G3^-Br 72. This was prepared from G3*OH 71 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 4/1) to provide G3^-Br 72 (70%) as a 
white foam; / f^0.25 (hexane/ethyl acetate = 3/1); [a]o -28.6 (c 0.10 in CH2CI2)； &u 1.28 
(72H, s, 8 t-Bu), 1.44 (48H, s, 16 CH3), 2.10-2.30 (14H, m, 6 OCH2C//2CH2O and 
OCH2CH2CH2Br), 3.54(2H, t, J 6.4，OCH2CH2C//2Br), 3.85-4.20 (58H, m, 6 
OCH2CH2CH2O, 8 OCH2CHCHC//2O and OCH2CH2CH2Br), 4.20-4.40 (16H, m, 8 
OCH2C//CHCH2O), 6.09 (9H, s, 3 phloroglucinolic units), 6.15 (12H, s, 4 
phloroglucinolic units), 6.86 (16H, d, J 8.8, Ar//), 7.29 (16H, d, J 8.8，Ar//). Anal. 
Found: C 69.04，H 7.77. C199H263O45Br requires C 69.18，H 7.67. 
Experimental section for the synthesis of achiral bis(oxazoline) dendrimers 
and their intermediates: 
4-Benzyloxybenzylalcohol (84).76 A mixture of 4-hydroxybenzaldehyde (41.4 g, 
0.34 mol), benzylbromide (64.8 g, 0.38 mol) and potassium carbonate (70.0 g, 0.5 mol) 
in acetone (400 mL) was heated under reflux for 1.5 h. Upon cooling to room 
temperature, ethyl acetate (200 mL) was added and the potassium bromide precipitated. 
The white solid was suction filtered and the filter cake thoroughly washed with ethyl 
acetate. Concentration of the combined filtrates gave a white solid which was redissolved 
in methanol (300 mL). To this solution was added carefully sodium borohydride (6.4 g， 
f 0.17 mol) in several portions at 0 °C. After the complete addition of sodium borohydride, 
the mixture was stirred at the same temperature for 1 h. Saturated ammonium chloride 
solution (50 mL) was added slowly and the white suspension filtered. The filter cake was 
washed with water (200 mL) and redissolved in ethyl acetate. The resulting solution was 
washed with brine, dried (Na2SO4) and filtered. The filtrate was concentrated and the 
white solid recrystallized from hexane-ethyl acetate (4:1 v/v) to give the title compound 8 4 
(65.3 g，90%) as a white crystalline solid, m.p. 88-89�C (lit.76 m.p. 86-87 °C); Rf 0.17 
(hexane/ethyl acetate = 4/1); Dmax(film)/cm-l 3423 (OH); 8« 1.84 (lH, s, OH), 4.58 (2H, 
s，CH2OH), 5.05 (2H, s, PhCH2O), 6.95 (2H, d, J 8.7, ArH), 7.27 (2H, d, J 8.5，Ar//), 
7.31-7.44 (5H, m, F/1CH2O); m/z (EI) 214 (M+，15%), 91 (100) and 77 (3). Anal. 
Found: C 78.40, H 6.61. C14H14O2 requires C 78.48，H 6.59. 
4'Benzyloxybenzylbromide (85).77 To a stirred solution of 4-benzyloxybenzylalcohol 
8 4 (48.0 g, 0.22 mol) in acetic acid (150 mL) at 0 °C was added HBr (100 mL, 48%). A 
white precipitate formed immediately and the mixture poured into ice water. The white 
solid was suction filtered, thoroughly washed with water and redissolved in ethyl acetate 
I (400mL). The resultant solution was washed with water, brine, dried (Na2SO4) and 
I filtered. The filtrate was concentrated to about 100 mL and the bromide 85(40 .0 g, 64%) 
I crystallized as a white solid, m.p. 78-80 C^ (lit.J7 m.p. 81-82 °C); / f^0.45 (hexane/ethyl 
； acetate = 5/1);如 4.49 (2H, s, CH2Br), 5.05 (2H, s, PhC//2O), 6.93 (2H, d, J 8.7， 
• ArH), 7.31 (2 H, d, J 8.7, Ar//), 7.34-7.50 (5H, m, PhCK2O); m/z (EI) 276 (M+，3%), 
f 
^ 197 (M+ - Br, 64), 106 (M+ - Br - C7H7, 2)，91 (100) and 77 (4). 
•j 
i 
j Diethyl'2,2-Di(4-benzyloxybenzyl)-malonate (86). To a suspension of sodium 
1 hydride (1.50 g, 62.3 mmol) in dry tetrahydrofuran (150 mL) at 0 °C was added dropwise 
I a solution of diethylmalonate (2.75 g, 17.2 mmol) in dry tetrahydrofuran (15 mL) over 15 
min. The resulting mixture was raised to room temperature and stirred at the same 
.t 
•i temperature for a further 15 min. 4-Benzyloxybenzylbromide 85 (10.0 g, 36.1 mmol) 
^ was added and the mixture stirred under reflux for 2 h. Water was added carefully into the 
-^ 
— reaction mixture and excess THF removed by rotaevaporation. The residue was taken up 。ji .¾ -
1 in ethyl acetate, washed with water, brine, dried (Na2SO4) and filtered. Concentration of 
the filtrate followed by flash chromatography on silica gel (hexane/ethyl acetate = 8/1) 
: provided the malonate 86 (7.0 g, 74%) as a pale yellow syrup; Rf 0.35 (hexane/ethyl 
acetate = 5/1); Dmax(f i lm)/cm-l 1730, 1244 (0C=0); 5n 1.16 (6H, t , / 7 . 1 , 2 
j CO2CH2C//3), 3.15 (4H, s, 2 ArC//2C), 4.09 (4 H, q, J 7.1’ 2 CO2C//2CH3), 5.03 
t (4H, s, 2 PhCH2O), 6.88 (4H, d, J 8.7，ArH), 7.09 (4H, d, J 8.7’ ArH), 7.20-7.45 
j (lOH, m, 2 PhCH2O); 5c 13.8, 38.2，60.3，61.0，69.8, 114.4，127.3’ 127.8，128.4， 




18), 197 (28), 91 (100)，65 (24). Anal. Found: C 75.81, H 6.69. C35H36O6 requires C 
76.06，H 6.57. 
2,2'Di(A-benzyloxybenzyl)-malonic acid (88). A mixture of di-ester 86 (5.8 g, 10.5 
mmol) and sodium hydroxide solution (35 mL, 4 M) in ethanol (100 mL) was stirred at 90 
°C for 1 d. The mixture was cooled at 0 °C and neutralized with concentrated HC1 until the 
mixture was slightly acidic as shown by pH paper. A white solid was formed and filtered. 
The filtrate was extracted with ethyl acetate (3 xlOO mL) and the combined organic layers 
washed with brine, dried (Na2SO4) and filtered. Concentration of the filtrate followed by 
flash chromatography on silica gel (hexane/ethyl acetate/ethanol = 2/1/1) provided the di-
acid 88 (3.4 g, 65%) as a white solid, m.p. 168-170�C; ^f0.44 (hexane/ethyl 
acetate/ethanol = 2/lA); 0)max(film)/cm-l 3441 (OH), 1731 (C=0); 8n (d^-acetone) 3.22 
(4H, s, 2 ArC//2C), 5.08 (4H, s, 2 PhCH2O), 6.93 (4H, d, J 8.8，Ar//), 7.20 (4H, d, J 
8.8, ArH), 7.30-7.55 (lOH, m, 2 PhCU2O); 8c (d^-acetone) 40.7，61.2，70.4，115.4, 
128.5, 129.3, 129.4’ 131.8, 138.4，158.9 and 174.1; m/z (FAB) 496 (M+, 35%). Anal. 
Found: C 75.20，H 5.70. C31H28O6 requires C 74.98，H 5.68. The mono-acid 87 was 
also obtained in 27% yield as a white solid, m.p. 138-140�C; Rf 0.78 (hexane/ethyl 
acetate/ethanol 二 2/1/1); Dmax(film)/crn-l 3441 (OH), 1703 (C=0); Sn (d -^acetone) 2.50-
3.10 (5H, m, 2 ArCH2CH and ArOfeCH)，5.05 (4H, s, 2 PhCH2O), 6.90 (4H, d, J 8.7， 
A r H ) , 7.13 (4H, d, J 8.6, ArH), 7.25-7.50 (lOH, m, 2 PhCU2O); m/z (EI) 452 (M+, 
3%)，161 (28), 131 (45)，117 (74) and 91 (100). Anal. Found: C 79.47，H 6.17. 
C30H28O4 requires C 79.62, H 6.24. 
N,N,-Bis(2-hydroxyethyl)-2,2-di(4-benzyloxybenzyl)-l,3-propanediamide (89). 
Oxalyl chloride (1.6 mL) was added dropwise to a stirred solution ofDMF (1.4 mL) in dry 
dichloromethane (10 mL) at 0 °C over 5 min. After 5 min, a solution of the di-acid 88 (2.5 
g，5.0 mmol) in dry dichloromethane (20 mL) was added in one portion. After stirring for 
a further 30 min, a solution of 2-aminoethanol (2 mL) in CH3CN (20 mL) was added to the 
cloudy suspension at 0 °C and a white precipitate formed gradually. After another 30 min, 
the solid was filtered and the filtrate concentrated. The residue was purified by flash 
chromatography (hexane/ethyl acetate/ethanol = 4/2/1) to give the title compound 89 (2.0 
g, 69%) as a white solid, m.p. 134-136�C; / f^0.35 (hexane/ethyl acetate/ethanol = 4/2/1); 
Dmax(film)/cm-l 3346 (OH, NH), 1660 (C=0); 5n (500 MHz) .2.76 (2H, t, J 4.3, 2 OH), 
3.25 (4H, s, 2 ArCH2C), 3.31 (4H, q, J 5.3, 2 NHCH2), 3.56 (4H, q, J 4.3，2 C//2OH), 
5.00 (4H, s, 2 PhCH2O), 6.85 (4H, d，J 8.7，Ar//), 7.07 (4H, d, J 8.7，ArH), 7.30-7.42 
(lOH, m，2 F/1CH2O), 7.69 (2H, t, J 5.5, 2 N//); 6c 42.4, 42.6, 59.4, 61.6，69.9, 
114.6，127.4，127.8, 128.4, 128.5, 130.5, 136.9，157.7 and 173.4; m/z (FAB) 583 
(M+H+, 100%). Anal. Found: C 72.06, H 6.54, N 4.79. C35H38N2O6 requires C 
72.14，H 6.57, N 4.81. 
N,N,-Bis(2-hydroxyethyl)-2,2-di(4-hydroxybenzyl)-li,3-propanediamide (90). A 
rSj 
suspension of di-benzylether 89 (1.0 g, 1.71 mmol) and 10% palladium-on-charcoal (100 
mg) in absolute ethanol (30 mL) was stirred under an atmospheric pressure ofhydrogen at 
room temperature. After 3 h, the suspension was filtered through a pad of Celite and the 
filtrate concentrated. The residue was recrystallized from ethyl acetate-chloroform (1:1 v/v) 
to give the di-phenol 90 (0.55 g, 88%) as a white solid, m.p. 199-200�C; RfOA2 (ethyl 
acetate/ethanol = 5/1); o^ax(KBr)/cnrl 3500-2800 (OH, NH), 1661 (C=0); 5« (d( 
methanol) 3.39 (4H, s, 2 ArCH2C), 3.44 (4H, t, J 6.0，2 NHC//2), 3.69 (4H, t, J 6.0，2 
CH2OH), 6.83 (4H, d, J 8.6，ArH), 7.17 (4H, d, J 8.6, AtH); &c (62.9 MHz, d6-
acetone) 42.9, 43.7’ 61.0，61.4, 115.9, 128.7, 131.6, 157.1 and 174.8; m/z (FAB) 403 
(M+H+, 40%). Anal. Found: C 62.56, H 6.54, N 6.89. C21H26N2O6 requires C 62.67, 
H 6.51’ N 6.96. 
N，N,-Bis(2-hydroxyethyl)-2,2-di[4-(3-bromopropoxy)benzyl]-l,3-propanediamide 
( 9 1 ) . A mixture ofdi-phenol 9 0 (0.20 g, 0.50 mmol), 1,3-dibromopropane (3.00 g, 15.0 
mmol) and anhydrous potassium carbonate (0.20 g, 1.45 mmol) in acetone (50 mL) was 
heated under reflux for 3 d. Upon cooling to room temperature, the reaction mixture was 
filtered through a pad of Celite. The filtrate was concentrated and the residue purified by 
flash chromatography on silica gel (hexane/ethyl acetate = 1/5 gradient to ethyl acetate) to 
afford the di-hromide 9 1 (0.25 g, 78%) as a white solid, m.p. 121-122 °C; RiOA5 (ethyl 
acetate); 0)max(film)/cm-l 3344 (OH, NH), 1660 (C=0); 5n 2.29 (4H, quin, J 6.1，2 
OCH2C//2CH2O), 2.83 (2H, br s, 2 OH), 3.26 (4H, s, 2 ArC//2C), 3.34 (4H, q, J 5.0, 2 
NHC//2), 3.50-3.65 (8H, m, 2 OC//2CH2C//2O), 4.05 (4H, t, J 5.8，2 C//2OH), 6.79 
(4H, d, J 8.7，ArH), 7.08 (4H, d, J 8.6, ArH), 7.73 (2H, t, J 5.2, 2 NH); 5c 29.8’ 32.2， 
42.4，42.6, 59.4, 61.4，65.3, 114.2，128.5, 130.4，157.6 and 173.3; m/z (FAB) 645 
(M+H+, 54%). HRMS Calcd for C27H37N2O6Br2: 645.1000. Found: 645.0986. Anal. 
Found: C 50.86, H 5.70, N 4.37. C27H36N2O6Br2 requires C 50.33, H 5.63, N 4.35. 
I 
I General procedure for synthesis of dendritic N,N' -bis(2-hydroxyethyl)diamide (Gn-
NH(CH2)2OH, n = 0-3) 95-98. A mixture of dibromide 91 (1.0 mol equiv.), 4-rerr-
butylphenol or individual dendritic phenol Gn-OH (2.3 mol equiv.) and potassium 
carbonate (3.5 mol equiv.) in acetone was heated under reflux. The reaction time required 
was 3 d for n = 0-2 and 5 d for n = 3. The reaction mixture was allowed to cool, filtered 
through a pad of silica gel to remove the inorganic precipitates. The filtrate was 
concentrated and the crude oily substance purified as described in the following text. 
GO-NH(CH2)2OH 95. This was prepared from 4-r^rr-butylphenol and purified by 
flash chromatography on silica gel (hexane/ethyl acetate = 1/3) to provide GO-
NH(CH2)2OH 95 (60%) asawhite foam; RfOA5 (hexane/ethyl acetate = 1/3); 
i)max(film)/crn-l 3600-3100 (OH, NH), 1660 (C=0); 5n 1.28 (18H, s, 2 t^Bu), 2.19 (4H, 
quin, J 6.0，2 OCH2CH2CH2O), 2.84 (2H, br s, 2 OH\ 3.23 (4H, br s, 2 ArC//2C), 
3.30 (4H, q, J 4.9，2 NHC//2), 3.57 (4H, t, J 4.6，2 C//2OH), 4.07 (4H, t, J 6.1，2 
C//2OAr), 4.10 (4H, t, J 6.1’ 2 CH2OAr), 6.76 (4H, d, J 8.6, Ar//), 6.83 (4H, d, J 8.8, 
ArH), 7.05 (4H, d, J 8.6，Ar//)，7.28 (4H, d, J 8.8，ArH), 7.77 (2H, t, J 5.4, 2 NH); 5c 
29.4, 31.5, 34.0, 42.5, 42.9, 59.5, 61.8，64.5, 64.6, 114.1，114.4，126.2, 128.4， 
130.6, 143.5, 156.6, 158.1 and 173.4; m/z (FAB) 783 (M+，28%). Anal. Found: C 
72.29, H 8.05, N 3.51. C47H62N2O8 requires C 72.10，H 7.98，N 3.58. 
Gl-NH(CH2)2OH 96. This was prepared from Gl-OH 92 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 1/2) to provide Gl-NH(CH2)2OH 96 
(65%) as a white foam; J?f0.15 (hexane/ethyl acetate = 1/2); \^ax(film)/cnrl 3600-3100 
(OH, NH), 1667 (C=0); 5n (500 MHz) 1.29 (36H, s, 4 t-Bu), 2.21 (12H, quin, J 6.1’ 6 
OCH2CH2CH2O), 2.52 (2 H, br s, 2 OH), 3.24 (4H, s, 2 ArC//2Q, 3.32 (4H, q, J 5.1, 
2 NHOT2), 3.59 (4H, br s, 2 C//2OH), 4.08 (12H, t, J 5.8’ 6 C/^OAr)，4.11 (12H, t, J 
j 5.9’ 6 CH2OAr), 6.09 (6H, s, 2 phloroglucinolic units), 6.79 (4H, d, J 8.7, ArH), 6.84 j^  
(8H, d, J 8.9, AvH), 7.06 (4H, d，J 8.7, ArH\ 7.29 (8H, d, J 8.9，ArH), 7.63 (2H, t, J 
5.6, 2 N//); 5 c 29.3, 31.4’ 33.9, 42.4, 42.8，59.4, 61.7, 64.4，64.6，94.4, 114.1， 
114.4’ 126.2，128.5, 130.6, 143.5, 156.7，158.0, 160.9 and 173.5; m/z (FAB) 1495 
(M+’ 5%). Anal. Found: C 72.76，H 8.11，N 1.74. C91Hn8N2Oi6 requires C 73.06，H 
7.95, N 1.87. 
G2-NH(CH2)2OH 97. This was prepared from G2-OH 93 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 1/2) to afford G2-NH(CH2)2OH 97 
(50%) as a white foam; ^f0.29 (hexane/ethyl acetate = 1/2); Dmax(film)/crn-l 3600-3100 
(OH，NH); 8n 1.28 (72H, s, 8 t-Bu), 2.23 (28H, quin, J 6.0, 14 OCH2C//2CH2O), 3.22 
(4H, br s, 2 ArO/2C), 3,27-3.33 (4H, m, 2 NHC//2), 3.52-3.62 (4H, m, 2 C//2OH), 
4 07-4.13 (56H, m, 14 OCH2CH2CH2O), 6.08 (18H, s, 6 phloroglucinolic units), 6.78 
(4H, d, J 8.7, ArH), 6.84 (16H, d，J 8.8, Ar//), 7.05 (4H, d, J 8.6, Ar//), 7.28 (16H, d, 
J 8.8, Ar//), 7.61 (2H, t, J 5.4, 2 N//); 5c 29.3, 31.5，34.0, 42.5, 43.2, 59.4, 62.0, 
64.4, 64.6, 94.2，114.0，114.4, 126.2, 128.3, 130.5, 143.4, 156.6，158.0，160.7 and 
173.4; m/z (FAB) 2924 (M+, 12%). Anal. Found: C 73.43, H 7.96，N 0.90. 
C179H230N2O32 requires C 73.59, H 7.93, N 0.96. 
G3-NH(CH2)2OH 98. This was prepared from G3-OH 98 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to 1/1) to give G3-
NH(CH2)2OH 98 (46%) as a white foam; R{OA5 (hexane/ethyl acetate = 3/2); 
t)rnax(film)/cm-l 3500-3150 (OH); 8n 1.28 (144H, s, 16 t-Bu), 2.22 (60H, quin,/5.9, 30 
OCH2CH2CH2O), 2.45 (2H, s, 2 0//) , 3.20 (4H, br s, 2 ArCH2Q, 3.28 (4H, q, J 4.0，2 
NHC//2), 3.56 (4H, t, J 4.8, 2 CH2OH), 3.98-4.18 (120H, m，30 OCH2CH2C//2O), 
6.08 (42H, s, 14 phloroglucinolic units), 6.76 (4H, d, J 8.6，ArH), 6.83 (32H, d, J 8.9, 
ArH)，7.04 (4H, d, J 8.6，AvH), 121 (32H, d, J 8.8, Ar//), 7.62 (2H, t, J 5.5, 2 NH); 
8c 29.3, 29.4, 31.5, 34.0，42.5, 43.3, 59.4, 61.9, 64.5, 64.6’ 94.4，114.1，114.4， 
126.2，128.3, 130.5, 143.4，156.6，158.0, 160.8 and 173.3. Anal. Found: C 73.48, H 
8.11，N 0.47. C355H454N2O64 requires C 73.85, H 7.93’ N 0.49. 
General procedurefor synthesis ofdendritic N，N，-bis(2-bromoethyl)diamide (Gn-
NH(CH2)2Br, n = 0-3) 99-102. Carbontetrabromide (5.0 mol equiv.) was added to a 
solution of individual dendritic N,N' -bis(2-hydroxyethyl)diamide Gn-NHCH2CH2OH 
(1.0 mol equiv.) and triphenylphosphine (5.0 mol equiv.) in dry THF under nitrogen at 0 
o^. The reaction mixture was raised to room temperature and stirring under nitrogen was 
continued for 3 h. Concentration of the mixture followed by addition of a solvent mixture 
of hexane-ethyl acetate (5:1 v/v) precipitated most of the triphenylphosphine oxide. The 
mixture was filtered through a pad of silica gel, and the filter cake thoroughly washed with 
the aforementioned solvent mixture. The filtrates were concentrated and the residue 
purified as described in the following text. 
GO-NH(CH2)2Br 99. This was prepared from GO-NH(CH2)2OH 95 and purified by 
flash chromatography on silica gel (hexane/ethyl acetate = 3/1) to give GO'NH(CH2)2Br 
99 (75%) as a white solid, m.p. 120-121 °C; /^f0.37 (hexane/ethyl acetate = 2/1); 
0)niax(film)/cm-l 3303 (NH), 1667 (C=0); 5n 1.29 (18H, s, 2 t-Bu)’ 2.22 (4H, quin, J 
6.0, 2 OCH2C//2CH2O), 3.25 (4H, s, 2 ArCH2Q, 3.32 (4H, t, J 6.0, 2 C//2Br), 3.58 
(4H, q, J 5.9，2 NHCH2), 4.09 (4H, t, J 5.9, 2 C//2OAr), 4.14 (4H, t, J 6.0，2 
C//2OAr), 6.78 (4H, d, J 8.6，ArH), 6.85 (4H, d, J 8.9，ArH), 7.05 (4H, d, J 8.6, ArH), 
7.29 (4H, d, J 8.8，Ar//), 7.58 (2H, t, J 5.5, 2 N//); 5c 29.5, 31.3, 31.5, 34.1, 41.4, 
43.1, 59.4，64.5, 64.7，114.1，114.6，126.2, 128.2, 130.6，143.6，156.7，158.2 and 
172.6; m h (FAB) 909 (M+H+, 36%). Anal. Found: C 62.12，H 6.70，N 3.06. 
C47H60N2O6Br2 requires C 62.12, H 6.65, N 3.08. 
Gl'NH(CH2)2Br 100. This was prepared from Gl-NH(CH2)2OH 96 and purified 
by flash chromatography on silica gel (hexane/ethyl acetate = 2/1) to give Gl-NH(CH2)2Br 
100 (80%) as a white foam; / f^0.30 (hexane/ethyl acetate = 2/1); o^ax(film)/cm-l 3347 
(NH), 1668 (C=0); 8H 1.29 (36H, s, 4 t-Bu), 2.20 (12H, quin, J 6.0，6 
OCH2C//2CH2O), 3.24 (4H, s, 2 ArCH2Q, 3.29 (4H, t, J 6.0, 2 OT2Br), 3.55 (4H, q, 
j 5.9，2 NHCH2), 4.08 (12H, t, J 5.8, 6 CH2OAr), 4.10 (12H, t, J 5.9, 6 C//2OAr), 
6.09 (6H, s, 2 phloroglucinolic units), 6.77 (4H, d, J 8.7, ArH), 6.83 (8H, d, J 8.8, 
ArH), 7.04 (4H, d, J 8.7, ArH), 7.28 (8H, d, J 8.8, ArH), 7.67 (2H, t, J 5.7, 2 NH); 5c 
29.4，31.2, 31.5, 34.0, 41.4, 43.1, 59.3, 64.5, 64.7，94.4, 114.1，114.5, 126.1’ 128.2， 
130.5, 143.4’ 156.6, 158.0, 160.8 and 172.5; m/z (FAB) 1621 (M+, 10%). Anal. Found: 
C 67.44, H 7.17’ N 1.72. C91Hn6N2O14Br2 requires C 67.40，H 7.21，N L73. 
G2'NH(CH2)2Br 101. This was prepared from G2-NH(CH2)2OH 97 and purified 
by flash chromatography on silica gel (hexane/ethyl acetate = 3/2) to give G2-NH(CH2)2Br 
101 (85%) as a white foam; /?f0.21 (hexane/ethyl acetate = 3/2); Dmax(film)/cm-l 3379 
(NH); 5n 1.28 (72H, s, 8 t-Bu), 2.20 (28H, quin, J 5.9, 14 OCH2C//2CH2O), 3.23 (4H, 
s, 2 ArC//2C), 3.29 (4H, t, J 5.7, 2 C//2Br), 3.55 (4H, q, J 5.9, 2 C//2NH), 4.07-4.13 
(56H, m, 14 OCH2CH2CH2O), 6.08 (18H, s, 6 phloroglucinolic units), 6.77 (4H, d, J 
8.7, ArH), 6.83 (16H, d，J 8.8，ArH), 7.03 (4H, d, J 8.6, ArH), 7.28 (16H, d, J 8.8， 
: A v H ) , 7.58 (2H, t, J 5.3, 2 NH); 5c 29.4, 31.2，31.5, 34.0, 41.4，43.2，59.3, 64.5, 
64.6, 64.7, 94.4，114.1，114.5, 126.2, 128.2, 128.3，130.5，143.5, 156.6, 158.1，160.8 
and 172.5; m/z (FAB) 3044 (M+, 4%). Anal. Found: C 70.34, H 7.81，N 0.71. 
C179H228N2O30Br2 requires C 70.55, H 7.54, N 0.92. 
G3-NH(CH2)2Br 102. This was prepared from G3-NH(CH2)2OH 98 and purified 
by flash chromatography on silica gel (hexane/ethyl acetate = 3/1 gradient to 1/1) to provide 
G3-NH(CH2)2Br 102 (79%) as a white foam; ^f0.50 (hexane/ethyl acetate = 5/2); 
t)max(film)/crn-l 3500-3300 (NH); 8n 1.28 (144H, s, 16 t-Bu), 2.15-2.25 (60H, m, 30 
OCH2C//2CH2O), 3.21 (4H, s, 2 ArCH2Q, 3.28 (4H, t, J 5.8，2 C//2Br), 3.54 (4H, q, 
j 5.7，2 CH2NH), 3.90-4.20 (120H, m, 30 OCH2CH2CH2O), 6.09 (42H, s, 14 
phloroglucinolic units), 6.76 (4H, d, J 8.4, Ar//), 6.83 (32H, d, J 8.5, ArH), 7.03 (4H, 
d，J 8.4, Ar//), 7.28 (32H, d, J 8.5, Ar//), 7.63 (2H, t, J 5.4’ 2 N//); 8c 29.3, 31.2, 
31.5, 34.0, 41.4，43.3, 53.9, 64.5, 64.6, 94.3，114.1, 114.5, 126.1，128.2，128.3， 
130.4, 143.4, 156.6, 158.0, 160.8 and 172.5: Anal. Found: C 72.30, H 7.81, N 0.46. 
C355H452N2O62Br2 requires C 72.28, H 7.72, N 0.47. 
General procedurefor synthesis ofdendritic bis(oxazoline) (Gn, n = 0-3) 80-83. To a 
solution of individual dendritic N,N' -bis(2-bromoethyl)diamide Gn-NHCH2CH2Br (0.1 
mmol) in a solvent mixture of EtOH-THF (10 mL, 1:1 v/v) was added sodium hydroxide 
solution (10.0 mol equiv., 1 M). The mixture was stirred under reflux for 8 h and 
quenched with water (10 mL). The aqueous phase was extracted with ethyl acetate (3 x 20 
mL) and the combined organic layers washed with brine, dried (Na2SO4) and filtered. 
Concentration of the filtrate gave a crude pale yellow oily substance. The crude product 
was then purified as described in the following text. 
Dendritic bis(oxazoline) GO 80. This was prepared from GO-NH(CH2)2Br 99 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to ethyl 
acetate) to afford GO 80 (96%) as a colourless oil; Rf0.30 (hexane/ethyl acetate = 1/3); 
^)max(film)/cm-l 1658 (C=N); 5n 1.29 (18H, s, 2 t-Bu), 2.22 (4H, quin, J 6.0，2 
OCH2C//2CH2O), 3.22 (4H, s, 2 ArCH2C) , 3.78 (4H, t, J 9.5, 2 NC//2), 4 .11 (4H, t, J 
6.0，2 CH2OAr), 4.12 (4H, t, J 6.1，2 C//2OAr), 4.19 (4H, t, J 9.6’ 2 CH2O), 6.80 (4H, 
d, J 8.7, ArHX 6.84 (4H, d, J 8.9, ArH), 7.12 (4H, d，J 8.6, Ar//), 7.29 (4H, d, J 8.7, 
Ar//); 8c 29.4, 31.4, 32.9’ 39.0, 48.7 54.2, 64.4，67.2, 114.0，126.1，128.8, 131.1， 
,?* 
143.3, 156.5, 157.7 and 167.3; m/z (FAB) 747 (M+H+, 95%). Anal. Found: C 75.77, H 
8.14, N 3.28. C47H58N2O6 requires C 75.57, H 7.83, N 3.75. 
Dendritic bis(oxazoline) G1 81. This was prepared from Gl-NH(CH2)2Br 100 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to ethyl 
acetate) to afford G1 81 (89%) as a white foam; ^f0.35 (hexane/ethyl acetate = 1/3); 
^rnax(film)/cm-l 1660 (C=N); 8H 1.29 (36H, s, 4 t-Bu), 2.21 (12H, quin, J 5.9, 6 
O C H 2 C H 2 C H 2 O ) , 3.22 (4H, br s, 2 A r C H 2 Q , 3.78 (4H, t, J 9.6，2 NC//2), 4.09 (12H, 
t, J 5.5, 6 CH2OAr), 4.11 (12H, t, J 5.8, 6 CH2OAr), 4.20 (4H, t, J 9.5，2 C//2O), 6.10 
(6H, s, 2 phloroglucinolic units), 6.81 (4H, d, J 8.4, ArH)，6.84 (8H, d’ J 8.8, ArH), 
7.12 (4H, d’ J 8.5, ArH), 7.28 (8H, d, J 8.8, AvH); 8c 29.4, 31.5, 34.0，39.2, 48.9, 
54.2，64.5, 64.7, 67.3, 94.3, 114.1, 126.1, 129.0，131.2, 143.4，156.6, 157.8, 160.8 
and 167.4; m/z (FAB) 1460 (M+H+, 100%). Anal. Found: C 74.87, H 7.86, N 1.82. 
C91H114N2O14 requires C 74.87, H 7.87, N 1.92. 
Dendritic bis(oxazoline) G2 82. This was prepared from G2-NH(CH2)2Br 101 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to ethyl 
acetate) to afford G2 82 (58%) as a white foam; Rf 0.40 (hexane/ethyl acetate = 1/3); 
Dmax(filrn)/cm-l 1667 (C=N); 5n 1.28 (72H, s, 8 t-Bu), 2.20 (28H, quin, J 6.0, 14 
OCH2C//2CH2O), 3.21 (4H, s, 2 ArCH2C), 3.77 (4H, t, J 9.5, 2 NCH2), 3.95-4.05 
(56H, m, 14 OC//2CH2C//2O), 4.18 (4H, t, /8.9, 2 CH2O), 6.08 (12H, s, 4 
phloroglucinolic units), 6.09 (6H, s, 2 phloroglucinolic units), 6.80 (4H, d, J 8.5, ArH), 
6.83 (16H, d, J 8.9，ArH), 7.12 (4H, d，J 8.7，ArH\ 7.28 (16H, d, J 8.9, ArH); 5c 
29.4, 31.5, 34.0, 39.3, 49.0, 54.3, 64.6，64.7, 67.3，94.5, 114.1，126.2, 129.1，131.2, 
143.5, 156.7, 157.8, 160.8 and 167.4; m/z (MALDI-TOF) 2883 (M+, 48%). Anal. 
Found: C 74.75, H 8.04, N 0.94. C179H226N2O30 requires C 74.50, H 7.89, N 0.97. 
Dendritic bis(oxazoline) G3 83. This was prepared from G3-NH(CH2)2Br 102 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to ethyl 
acetate) to afford G3 83 (78%) as a white foam; /^f0.15 (hexane/ethyl acetate = 1/1)； 5n 
1.28 (144H, s, 16 t-Bu). 2.20 (60H, quin, J 5.3, 30 OCH2CH2CH2O), 3.21 (4H, s, 2 
ArO/2C), 3.76 (4H, t, J 9.7, 2 NC//2), 3.95-4.12 (120H, m, 30 OC//2CH2C//2O), 4.17 
(4H, t, J 9.3, 2 CH2O), 6.08 (42H, s, 14 phloroglucinolic units), 6.80 (4H, d, J 8.7, 
Ar//), 6.83 (32H, d, / 8.8, ArH), 7.12 (4H, d, J 8.7, ArH), 121 (32H, d, J 8.8, ArH); 
Sc 29.3, 31.4, 33.9, 39.2, 48.9，54.2, 64.4，64.5, 67.2, 94.3, 114.0, 126.1, 128.9， 
131.1, 143.3, 156.6, 157.7，158.0, 160.7 and 167.3; m/z (MALDI-TOF) 5731 (M+, 
19%). Anal. Found: C 74.50，H 8.15, N 0.46. C355H450N2O62 requires C 74.32, H 
7.91, N 0.49. 
Kinetic experiments - General. 
Unless otherwise indicated, anhydrous dichloromethane was the solvent used in the 
kinetic experiments as well as in preparing the stock solutions. All reactions were stirred at 
25.0 土 0.1 °C in a temperature control water bath and reactions monitored by taking 
aliquots (0.002 mL) at recorded time and analyzed by gas chromatography. For each 
aliquot, the integrated area under the dienophile (R) or Diels-Alder cycloadduct (P) was 
corrected according to their sensitivity ratio and such ratio was determined by injecting a 
sample with known concentration of R and P. The percent conversion for each reaction 
was evaluated according to the areas of dienophile and Diels-Alder adduct. GC conditions: 
injector temperature, 220 °C; detector temperature, 250 °C, HD detector, 180 °C isothermal 
oven, 50 mL/min carrier gas flow rate; retention times, dienophile 103 (R) = 4.3 min; 
Diels-Alder cycloadduct 104 (P) = 11.5 min. 
General procedure for the acylation of 2-oxazolidinone. To a solution of 2-
oxazolidinone in anhydrous THF (~0.5 M) at - 7 8 � C was added n-butyllithium (1.0 mol 
equiv.). After 15 min, freshly distillated acid chloride (1.1 mol equiv.) was added. The 
mixture was stirred at -78 °C for 30 min and at 0 °C for 15 min. The reaction was 
quenched with excess saturated ammonium chloride solution and the solvent evaporated on 
a rotary evaporator. The resulting slurry was diluted with dichloromethane and washed 
with water and saturated aqueous sodium chloride. The organic layer was dried over 
magnesium sulfate, filtered and concentrated in vacuo. The product was purified by flash 
chromatography on silica gel to afford the desired N-acyl-2-oxazolidinone. 
3-((E)'2'pentenoyl)'2'Oxazolidinone (105). 2-Oxazolidinone was acylated with (£)-2-
pentenoyl chloride8l according to the general procedure detailed above and purified by 
flash chromatography on silica gel (hexane/ethyl acetate = 4/1) to afford the title compound 
105 (22%) as an oil; /^f0.29 (hexane/ethyl acetate = 2/1); Dmax(film)/crn-l 1778 
(conjugated C=0), 1682 (C=0), 1634 (C=C); 8n 1.11 (3H, t, J 7.4, C//3CH2), 2.20-2.40 
(2H, m, CH3CH2), 4.08 (2H, t, J 8.1, CH2^), 4.44 (2H, t, J 8.0, C//2O), 7.15-7.35 
(2H, m，2 CH); 5c 11.9, 25.4, 42.4, 61.8, 118.8, 152.3, 153.3 and 165.0; m/z (EI) 169 
(M+, 10%), 140 (M+ - C2H5, 7)，84 (100)，82 (100) and 55 (85). HRMS Calcd for 
C8H12NO3: 170.0817. Found: 170.0812. 
3'((E)-2-octenoyl)'2-oxazolidinone (106). 2-Oxazolidinone was acylated with (£)-2-
octenoyl chloride8l according to the general procedure detailed above and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 3/1) to afford the title compound 106 
(88%) as a white solid, m.p. 38-39�C; /?f0.23 (hexane/ethyl acetate = 3/1); 
Drnax(film)/cm-l 1789，1770 (conjugated C=0), 1682 (C=0), 1634 (C=C); ^ 0.89 (3H, t, 
J 6.7, CH3CH2), 1.25-1.40 (4H, m, 2 CH2), 1.49 (2H, quin, J 7.1，CH2), 2.28 (2H, dt, 
/5.5, 7.3, C H i ) , 4.06 (2H, t, J 8.2, C//2N), 4.43 (2H, t, J 8.1, C//2O), 7.10-7.20 (2H, 
m, 2 CH); 5c 13.7, 22.1, 27.5, 31.0, 32.3, 42.4，61.8，119.7，151.3, 153.3 and 165.0; 
m/z (EI) 211 (M+, 7%), 168 (M+ - C3H7, 11), 155 (M+ - C4H8, 13), 142 (9)，124 (75), 
88 (74), 81 (79), 68 (79) and 55 (100). Anal. Found: C 62.15, H 8.06, N 6.37. 
C11H17NO3 requires C 62.54, H 8.11, N 6.63. 
General procedurefor preparation ofauthentic mixtures ofDiels-Alder cycloadducts, A 
mixture of preformed 121-Cu(II) complex (0.03-0.05 mol equiv.), individual N-acyl-2-
oxazolidinone (1.0 mol equiv.) and Cp (10 mol equiv.) in anhydrous CH2Cl2 was stirred 
at room temperature until the completeness of the reaction as detected by TLC. The mixture 
was filtered through a pad of silica-gel and the residue washed with CH2Cl2. The 
combined filtrates were concentrated and the residue purified as described in the following 
text. With the use of 3-((E)-2-butenoyl)-2-oxazolidinone (103) as the dienophile, 
cycloadduct 104 was obtained and the spectral data and physical properties can be referred 
to the literature.82 
3-((y-Ethylbicyclo[2.2A]hept-5�en-2�yl)-carbonyl)-\,?^-oxazolidin-2-one (107). 
This was prepared from 3-((^:)-2-pentenoyl)-2-oxazolidinone (105) and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 4/1) to afford cycloadduct 107 (83%) 
as a white solid, m.p. 56-58�C; Rf 0.30 (hexane/ethyl acetate = 4/1); i)max(film)/cm-l 1777 
(C=0), 1697 (C=C); 5n 0.92 (3H, t, J 7.4, CH3), 1.42-2.00 (5H, m, 
CH2CHCHCH2CH3), 2.66 (lH, br s, bridgehead H), 3.27 (lH, br s, bridgehead H)， 
3.59 (lH, t, J 3.9, CHCO), 3.90-4.10 (2H, m, O^N), 4.42 (2H, t，J 8.1, Ci/2O), 5.79 
(lH, dd, J 2.7, 5.6，CH=C//), 6.37 (lH, dd,/3.2, 5.4, Ci/=CH); m/z (EI) 235 (M+， 
12%)，170 (M+ - C5H5, 100)，149 (22), 128 (26), 83 (100) and 66 (100). Anal. Found: C 
62.19，H 7.28，N 5.62. C13H17NO3 requires C 62.36，H 7.28, N 5.95. 
3-((y-Pentylbicyclo[2.2.1 ]hept-5'-en-T-yl)-carbonyl)-1,3-oxazolidin-2-one (108). 
This was prepared from 3-((^:)-2-octenoyl)-2-oxazolidinone (106) and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 5/1) to afford cycloadduct 108 (84%) 
as a colourless oil; RfOAO (hexane/ethyl acetate = 4/1); a)max(film)/cm-l 1778 (C=0), 1698 
(C=C); Sn 0.80-2.05 (14H, m, CH2CUCH(CH2)4CH3), 2.64 (lH, br s, bridgehead H), 
3.26 (lH, br s, bridgehead H), 3.58 (lH, d d , / 3 . 5 , 4.4，CHCO), 3.90-4.10 (2H, m, 
CH2N), 4.41 (2H, t,/8.2, C7/2O), 5.78 (lH, dd, J 2.8, 5.7, CH=C7/), 6.35 (lH, dd, J 
3.2，5.8, Ci/=CH); m/z (EI) 277 (M+，6%), 211 (M+ - C5H6, 72), 170 (6)，125 (10)，91 
(21) and 66 (100). HRMS Calcd for Ci6H24NO3: 278.1756. Found: 278.1746. 
Establishment of the rate equation of the Diels-Alder reaction using 
bis(oxazoline) 121-copper(II) complex as the model catalyst. 
(a) Variation ofCp concentration. A stock metal complex solution (A) was prepared by 
charging a 25.00 mL volumetric flask with bis(oxazoline) 121 (0.15 g, 0.28 mmol), 
Cu(OTf)2 (0.099 g, 0.27 mmol) and diluting to the mark. The resulting mixture was 
stirred vigorously until the complete dissolution of the solid Cu(OTf)2. A 5.00 mL stock 
solution ( B ) of dienophile 1 0 3 (0.054 M) was prepared by proper weighing. To five 
reaction tubes were charged with 0.50 mL of each of these two stock solutions. To another 
five 1.00 mL volumetric flasks were charged with 48,91，139,180 and 230 mg of freshly 
distiUed Cp respectively and diluted to the mark. From each of the these volumetric flasks, 
0.50 mL was pipetted into the reaction mixtures inside the five reaction tubes prepared 
above. The resulting mixtures were stirred at 25.0 土 0.1 °C andaliquots taken at recorded 
time and analyzed by gas chromatography as described in the general conditions. 
(h) Variation of metal complex concentration. A stock solution (C) containing 
dienophile 1 0 3 and Cp was prepared by charging a 2.00 mL volumetric flask with 1 0 3 
(0.157 g, 1.01 mmol) and Cp (1.20 g, 18.2 mmol) and diluting to the mark. To five 
reaction tubes were charged with 1.00, 0.80, 0.60, 0.40 and 0.20 mL respectively of the 
stock metal complex solution (A) and the last four tubes topped to 1.00 mL with CH2Cl2. 
To each of these reaction tubes were then charged with 0.20 mL of the stock solution 
prepared above. The resulting mixtures were stirred at 25.0 土 0.1 °C and aliquots taken at 
recorded time and analyzed by gas chromatography as described in the general conditions. 
(c) Variation ofdienophile 1 0 3 concentration. A 3.00 mL stock solution (D) of Cp 
(7.17 M) and a 2.00 mL stock solution (E) of dienophile 1 0 3 (0.30 M) were prepared by 
proper weighing. By proper dilution from the stock metal complex solution (A), a 3.00 
mL diluted stock metal complex solution (0.00367 M) was prepared and 0.50 mL of it 
pipetted into 5 reaction tubes followed by charging with 0.50, 0.40, 0.30, 0.20 and 0.10 
mL respectively of the stock dienophile solution ¢ ) and the last 4 tubes all topped to 1.00 
mL with CH2Cl2. Then 0.50 mL of the stock Cp solution (D) was added into each of the 
above reaction mixtures. The resulting mixtures were stirred at 25.0 ± 0.1 °C and aliquots 
taken at recorded time and analyzed by gas chromatography as described in the general 
/ 
conditions. 
Kinetic experiments for various generation dendrimer-Cu(II) complexes. 
(a) Variation ofdienophile 103 concentrationfor GO-Cu(II) complex. A stock metal 
complex solution was prepared by charging a 10.00 mL volumetric flask with GO 
dendrimer 80 (41.0 mg, 0.055 mmol), Cu(OTf)2 (17.0 mg, 0.047 mmol) and diluting to 
the mark. The resulting mixture was stirred vigorously until the complete dissolution of the 
solid Cu(OTf)2. A 3.00 mL stock solution of Cp (7.27 M) and a 2.00 mL stock solution 
of dienophile 103 (0.30 M) were prepared by proper weighing. To five reaction tubes 
were charged each with 0.50 mL of the stock metal complex solution followed by charging 
with 0.50, 0.40，0.30, 0.20 and 0.10 mL respectively of the stock dienophile solution and 
the last 4 tubes all topped to 1.00 mL. Then 0.50 mL of the stock Cp solution was added 
into each of the above reaction mixtures. The resulting mixtures were stirred at 25.0 土 0.1 
oc and aliquots taken at recorded time and analyzed by gas chromatography as described in 
the general conditions. 
(b) Variation ofdienophile 103 concentration for Gl-Cu(II) complex. The kinetic 
experiment was set up as described above except the stock metal complex solution (F) 
prepared from G1 dendrimer 81 (0.0048 M). The reaction mixtures were stirred at 25.0 土 
0.1 oC and aliquots taken at recorded time and analyzed by gas chromatography as detailed 
in the general conditions. 
(c) Variation ofdienophile 103 concentrationfor G2-Cu(II) complex. The kinetic 
experiment was set up as described above except the stock metal complex solution prepared 
from G2 dendrimer 82 (0.00294 M). The reaction mixtures were stirred at 25.0 土 0.1 °C 
and aliquots taken at recorded time and analyzed by gas chromatography as detailed in the 
general conditions. 
(d) Variation ofdienophile 103 concentrationfor G3-Cu(II) complex. The kinetic 
experiment was set up as described above except the stock metal complex solution (G) 
prepared from G3 dendrimer 83 (0.0030 M). The reaction mixtures were stirred at 25.0 土 
0.1 °C and aliquots taken at recorded time and analyzed by gas chromatography as detailed 
in the general conditions. 
• “ 
Kinetic experiments for concentration effect of EtOH on the reactivity of 
bis(oxazoline) 121-Cu(II) complex. 
A metal complex solution (0.0055 M) was prepared by diluting halved of the stock 
metal complex solution (A) (0.011 M) prepared above. A 10.00 mL stock solution of 
dienophile 103 (0.159 M) was prepared by proper weighing and to five reaction tubes each 
charged with 1.00 mL of each of these stock solutions. The reaction mixtures prepared 
above were treated with 0.20 g of Cp and four of the resulting mixtures treated respectively 
with 0.01, 0.02，0.04 and 0.1 mL of EtOH. These five reaction mixtures were stirred at 
25.0 土 0.1 °C and aliquots taken at recorded time and analyzed by gas chromatography as 
detailed in the general conditions. 
Kinetic experiments for the effect of EtOH on the reactivity of various 
generation dendritic catalysts. 
(a) Kinetic experimentfor GO-Cu(II) complex. To a reaction tube was charged with 
GO dendrimer 80 (5.5 mg, 0.007 mmol) and Cu(OTf)2 (2.5 mg, 0.007 mmol) in 1 mL of 
CH2Cl2. The mixture was stirred vigorously until the complete dissolution of the solid 
Cu(OTf)2. To the resulting solution was added successively dienophile 103 (9.0 mg, 
0.058 mmol), Cp (0.11 g, 1.67 mmol) and EtOH (0.01 mL). The reaction mixture was 
stirred at 25.0 土 0.1 °C and aliquots taken (0.001 mL) at recorded time and analyzed by gas 
chromatography as detailed in the general conditions. 
(b) Kinetic experimentfor Gl-Cu(II) complex. The kinetic experiment was set up as 
described above except G1 dendrimer 81 (10.0 mg, 0.007 mmol) utilized for the formation 
of the metal complex. The reaction mixture was stirred at 25.0 土 0.1 °C and aliquots taken 
(0.001 mL) at recorded time and analyzed by gas chromatography as detailed in the general 
conditions. 
(c) Kinetic experimentfor G2-Cu(II) complex. The kinetic experiment was set up as 
described above except G2 dendrimer 82 (20.0 mg, 0.007 mmol) utilized for the formation 
of the metal complex. The reaction mixture was stirred at 25.0 土 0.1 °C and aliquots taken 
(0.001 mL) at recorded time and analyzed by gas chromatography as detailed in the general 
conditions. 
(d) Kinetic experimentfor G3-Cu(II) complex. The kinetic experiment was set up as 
described above except G3 dendrimer 83 (40.0 mg, 0.007 mmol) utilized for the formation 
of the metal complex. The reaction mixture was stirred at 25.0 土 0.1 °C and aliquots taken 
(0.001 mL) at recorded time and analyzed by gas chromatography as detailed in the general 
conditions. 
Competitive rate experiments with two dienophiles. 
(a) Substrate selectivityfor bis(oxazoline) 121-Cu(II) complex. A metal complex 
solution (0.0018 M) was prepared by diluting one-sixth of the stock metal complex 
solution (A) (0.011 M) prepared above. A 1.00 mL stock Cp solution (7.73 M) and a 
10.00 mL stock solution containing both dienophile 105 and 106 (0.03 M each) were 
prepared by proper weighing. To a reaction tube was charged 0.30 mL of the metal 
complex solution and 0.10 mL of each of the stock Cp and dienophile solutions. The 
reaction mixture was stirred at 25.0 土 0.1 °C and aliquots taken (0.001 mL) at recorded 
time and analyzed by gas chromatography. For each aliquot, the integrated area under any 
dienophiles (R) or Diels-Alder adducts (P) were corrected according to their respective 
sensitivity ratios and these two ratios determined by injecting samples with known 
concentration of R and P. GC conditions: injector temperature, 220 °C; detector 
temperature, 250�C’ FflD detector, 180 °C isothermal oven, 35 mL/min carrier gas flow 
rate; retention times, dienophile 1 0 5 = 3.1 min; dienophile 1 0 6 = 7.5 min; Diels-Alder 
cycloadduct 1 0 7 = 8.3 min; Diels-Alder cycloadduct 1 0 8 = 20.4 min. 
(b) Substrate selectivityfor Gl-Cu(II) complex. The kinetic experiment was set up as 
described above except the Gl metal complex solution (0.00193 M) prepared by diluting 
two-fifth ofthe stock metal complex (F) (0.0048 M) prepared above. The reaction mixture 
was stirred at 25.0 土 0.1 °C and aliquots taken (0.001 mL) at recorded time and analyzed 
by gas chromatography as described above. 
(c) Substrate selectivityfor G3-Cu(II) complex. The kinetic experiment was set up as 
j described above except the G3 metal complex solution (0.002 M) prepared by diluting two-
third of the stock metal complex (G) (0.003 M) prepared above. The reaction mixture was 
stirred at 25.0 土 0.1 °C and aliquots taken (0.001 mL) at recorded time and analyzed by gas 
chromatography as described above. 
Experimental section for the synthesis of the chiral bis(oxazoline) 
dendrimers and their intermediates: 
GO^-NH(CH2)2OH 113. A mixture of di-phenol 90 (0.71 g, 1.74 mmol)，mono-0-
arylated tosyl ester 46 (1.69 g, 3.77 mmol) and potassium carbonate (0.99 g, 7.20 mmol) 
in DMF (50 mL) was stirred at 110 °C for 1 d. The reaction mixture was cooled and the 
solvent evaporated under reduced pressure. The residue was taken up in ethyl acetate and 
suction filtered. The filter cake was thoroughly washed with ethyl acetate and the 
combined filtrates concentrated. The crude product was flash chromatographed on silica 
gel (hexane/ethyl acetate = 1/3 gradient to ethyl acetate) to afford GO*-NH(CH2)2OH 113 
(0.50 g, 30%) as a pale yellow syrup; Rf 0.28 (ethyl acetate); [ a ] ^ -33.9 (c 1.10 in 
CH2Cl2); \)max(film)/cm-l 3510-3150 (OH, NH), 1661 (C=0); 8n 1.28 (18H, s, 2 t-Bu), 
1.48 (12H, s, 4 C//3),3.23 (4H, s, 2 ArCH2C), 3.30 (4H, q, J 4.7, 2 CH2NH), 3.58 
(4H, t，J 4.6，2 nOCH2), 4.10-4.20 (8H, m, 2 OC//2CHCHC//2O)，4.25-4.35 (4H, m, 2 
OCH2C//CHCH2O), 6.80 (4H, d, J 8.6, Ar//), 6.86 (4H, d, /8.8, Ar//), 7.07 (4H, d, J 
8.6, ArH), 7.29 (4H, d, J 8.8, Ar//), 7.87 (2H, t, / 5.3, 2 NH); 8c 27.0, 31.4，34.0, 
: 4 2 . 4 , 42.6’ 59.5，61.5, 68.6, 76.7, 110.3, 114.0, 114.4，126.2，128.9, 130.6, 144.0, 
156.2, 157.6 and 173.2; m/z (+LSIMS) 956 (M+H+, 50%). Anal. Found: C 69.15, H 
8.09, N 2.85. C55H74N2O12 requires C 69.16，H 7.81, N 2.93. 
Gl*-NH(CH2)2OH 114. A mixture of di-phenol 90 (0.54 g, 1.34 mmol), Gl*-Br 
66 (2.25 g, 2.82 mmol) and potassium carbonate (0.74 g, 5.36 mmol) in DMF (40 mL) 
was stirred at 110 °C for 2 d. The reaction mixture was cooled and the solvent evaporated 
under reduced pressure. The residue was taken up in ethyl acetate and suction filtered. 
The filter cake was thoroughly washed with ethyl acetate and the combined filtrates 
concentrated. The crude product was flash chromatographed on silica gel (hexane/ethyl 
acetate = 1/1 gradient to 1/2) to afford Gl*-NH(CH2)2OH 114 (23%) as a white foam; Rf 
0.40 (hexane/ethyl acetate = 1/2); [a]g -31.7 {c 1.50 in CH2Cl2); ^max(film)/cm-l 3550-
3150 (OH, NH); 5n 1.28 (36H, s, 4 t-Bu), 1.49 (24H, s, 8 C//3)’ 2.18 (4H, quin, J 5.4, 
2 OCH2CH2CH2O), 3.23 (4H, s, 2 ArCH2C), 3.31 (4H, q, J 4.5’ 2 CH2NH), 3.59 (4H, 
t, J 4.7, 2 HOC//2), 4.00-4.26 (24H, m, 2 OG//2CH2CH2O and 4 OC//2CHCHCH2O), 
4.26-4.36 (8H, m, 4 OCH2C//CHCH2O), 6.15 (6H, s, 2 phloroglucinolic units), 6.77 
(4H, d, J 8.5, ArH), 6.86 (8H, d, J 8.8, ArH), 7.06 (4H, d, J 8.5, ArH), 7.29 (8H, d, J 
8.8，Ar//), 7.76 (2H, t, J 5.2, 2 NH); 5c 27.0，29.2, 31.4’ 34.0，42.5, 43.0，59.4, 61.7, 
64.4, 64.6, 68.6, 68.7, 76.7，94.3, 94.7，110.3, 114.1, 114.3, 126.2, 128.4, 130.5, 
143.9, 156.2, 157.9, 160.4, 160.7 and 173.3; m/z (+LSIMS) 1840 (M+H+, 17%). Anal. 
Found: C 69.74，H 7.62, N 1.57. C107H142N2O24 requires C 69.84，H 7.78，N 1.52. 
G2*'NH(CH2)2OH 115. A mixture ofdi-bromide 91 (0.18 g, 0.27 mmol), G2*-OH 
68 (0.85 g, 0.54 mmol) and potassium carbonate (0.11 g, 0.82 mmol) in acetone (20 mL) 
was stirred under reflux for 86 h. The reaction mixture was cooled and filtered through a 
pad of silica gel. The residue was thoroughly washed with acetone and the combined 
filtrates concentrated. The crude product was purified by flash chromatography on silica 
gel (hexane/ethyl acetate = 1/l gradient to 1/2) to provide G2^-NH(CH2)2OH 115 (0.45 
/y 1 , 
g , 45%) as a white foam; Rf 0.25 (hexane/ethyl acetate = 1/1); [ a b -30.8 (c 3.90 in 
CH2Cl2); Dmax(film)/crn-l 3550-3140 (OH, NH); Sn 1.28 (72H, s, 8 t-Bu)，1.49 (48H, s, 
16 CH3), 2.15-2.25 (12H, m, 6 OCH2CH2CH2O), 2.56 (2H, s’ 2 OH), 3.23 (4H, s, 2 
ArC//2C), 3.31 (4H, q, / 5.0, 2 CH2NH), 3.58 (4H, t, / 4.6, 2 HOC//2), 4.00-4.20 
(56H, m, 6 OC//2CH2CH2O and 8 OCH2CHCHCH2O), 4.26-4.37 (16H, m, 8 
OCH2CHCHCH2O), 6.09 (6H, s, 2 phloroglucinolic units), 6.15 (12H, s, 4 
phloroglucinolic units), 6.78 (4H, d, J 8.6，ArH), 6.86 (16H, d, J 8.8, Ar//), 7.06 (4H, 
d, J 8.5, Ar//), 7.29 (16H, d, J 8.8，ArH), 7.64 (2H, t, J 5.4, 2 NH); 5c 27.0, 29.2， 
31.4, 34.0, 42.4, 43.1, 59.4, 61.7，64.5, 68.7，68.8，76.8, 94.4, 94.5, 94.8，110.3’ 
114.1，114.4，126.2, 128.4，130.5, 144.0，156.3, 157.9, 160.4, 160.7 and 173.2. Anal. 
Found: C 69.82, H 7.69，N 0.76. C211H278N2O48 requires C 70.19, H 7.76，N 0.78. 
G3^'NH(CH2)2OH 116. A mixture of di-bromide 91 (0.04 g, 0.062 mmol), G3*_ 
OH 71 (0.50 g, 0.15 mmol) and cesium carbonate (0.05 g, 0.15 mmol) in acetone (25 
mL) was stirred under reflux for 65 h. The reaction mixture was cooled and filtered 
through a pad of silica gel. The residue was thoroughly washed with acetone and the 
combined filtrates concentrated. The crude product was purified by flash chromatography 
on silica gel (hexane/ethyl acetate = 3/2) to provide G 3 ( N H ( C H 2 _ 116 (0.17 g, 
38%) as a white foam; Rf 0.16 (hexane/ethyl acetate = 3/2); [a]^ -34.9 (c 1.16 in 
CH2Cl2); Dmax(film)/cm-l 3620-3180 (OH, NH); 8^ 1.28 (144H, s, 16 t-Bu), 1.48 (96H, 
s, 32 CH3), 2.10-2.30 (28H, m, 14 OCH2CH2CH2O), 3.20 (4H, s, 2 ArCH2C), 3.29 
(4H, q, J 4.6, 2 C//2NH), 3.50-3.60 (4H, m, 2 HOCH2), 3.80-4.20 (120H, m, 14 
OC//2CH2C//2O and 16 OC//2CHCHCH2O), 4.20-4.40 (32H, m, 16 
OCH2CHC//CH2O), 6.08 (18H, s, 6 intemal phloroglucinolic units), 6.14 (24H, s, 8 
surface phloroglucinolic units), 6.77 (4H, d, J 8.6, Ar//), 6.85 (32H, d, J 8.9, ArH), 
7.05 (4H, d, J 8.5, ArH), 7.28 (32H, d, J 8.9, ArH), 7.65 (2H, t, J 5.7, 2 NH); 5c 27.1, 
29.3, 31.5, 34.0，42.5, 43.4, 59.5, 61.8，64.6，64.7，68.8，68.9, 76.9，77.1, 94.5, 94.6, 
95.0, 110.3, 114.2，114.4, 126.2, 128.5, 130.5, 144.0，156.3，158.0，158.1, 160.5， 
160.8 and 173.3. Anal. Found: C 70.28, H 7.82, N 0.41. C 4 1 9 H 5 5 0 N 2 O 9 6 requires C 
70.38, H 7.75, N 0.39. 
General procedurefor synthesis ofchiral dendritic ^,W-bis(2'bromoethyl)diamide 
(Gn*-NH(CH2)2Br, n = 0-2) 117-119. To a solution of individual chiral dendritic 
bis(alcohol) Gn*-NH(CH2)2OH (1.0 mol equiv.) and triphenylphosphine (5.0 mol equiv.) 
in dry THF (10 mL) under nitrogen at 0 °C was added portionwise tetrabromomethane (5.0 
mol equiv.). The reaction mixture was raised to room temperature and stirred under 
nitrogen for 3 h. Concentration of the mixture to near-dryness followed by addition of a 
solvent mixture of hexane-ethyl acetate (5:1 v/v) effectively precipitated most of the 
triphenylphosphine oxide. The mixture was filtered through a pad of silica gel, washed 
with the aforementioned solvent mixture. Thecombined filtrates were evaporated to give a 
pale yellow oil. The crude product was then purified as described in the following text. 
GO*-NH(CH2)2Br 117. This was prepared from GO*-NH(CH2)2OH 113 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 2/1) to afford G0*-
21 NH(CH2)2Br 117 (71%) as a white foam; R{ 0.22 (hexane/ethyl acetate = 2/1); [ a b 
-24.0 (c 1.73 in CH2Cl2); Dmax(film)/crn-l 3358 (NH), 1665 (C=0); Sn 1.29 (18H, s, 2 t-
Bu), 1.49 (12H, s, 4 CH3), 3.27 (4H, s, 2 ArCH2C), 3.31 (4H, t, J 6.1，2 BrC//2), 3.58 
(4H, q, J 5.9, 2 CH2NH), 4.08-4.22 (8H, m, 2 OCH2CHCHCH2O), 4.30-4.40 (4H, m, 
2 OCH2CHC//CH2O), 6.81 (4H, d, / 8.6, ArH), 6.86 (4H, d, J 8.9，Ar//), 7.07 (4H, d, 
J 8.6, AiH), 7.30 (4H, d, J 8.8, ArH), 7.76 (2H, br s, 2 NH); 5c 27.0，31.2, 31.5, 34.0, 
41.4，43.1, 59.2, 68.7’ 76.8, 77.1, 110.3，114.1, 114.5, 126.2, 128.6, 130.5，144.0’ 
156.2, 157.7 and 172.5; m/z (+LSIMS) 1081 (M+H+, 0.4%). Anal. Found: C 60.87, H 
6.72’ N 2.49. C55H72N2O10Br2 requires C 61.11，H 6.71, N 2.59. 
Gl*-NH(CH2)2Br 118. This was prepared from Gl*-NH(CH2)2OH 114 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 3/1) to afford G7*-
22 
NH(CH2)2Br 118 (65%) as a white foam; Rf 0.35 (hexane/ethyl acetate = 2/1); [a]o 
-27.1 (c 1.24 in CH2CI2)； Dmax(film)/crn-l 3358 (NH), 1670 (C=0); Sn 1.29 (36H, s, 41-
Bu), 1.49 (24H, s, 8 CH3), 2.19 (4H, quin, J 5.9, 2 OCH2CH2CH2O), 3.25 (4H, s, 2 
ArC//2C), 3.31 (4H, t, J 5.9, 2 BrCH2), 3.57 (4H, q, J 5.8，2 C//2NH), 4.00-4.20 
(24H, m, 2 OC//2CH2CH2O and 4 OCH2CHCHCH2O), 4.30-4.40 (8H, m, 4 
OCH2CHC//CH2O), 6.14 (6H, s, 2 phloroglucinolic units), 6.77 (4H, d, J 8.6，ArH)’ 
6.86 (8H, d’ J 8.9，ArH), 7.05 (4H, d’ J 8.6，ArH), 7.29 (8H, d，J 8.8, ArH)，7.65 (2H, 
t，J 5.2, 2 N//); 5c 27.1, 29.3, 31.3，31.5, 34.1, 41.4, 43.2, 59.3, 64.5, 64.7，68.8, 
68.9，76.8，77.1，94.5，94.8，110.4’ 114.1, 114.5, 126.2’ 128.2, 130.5, 144.0’ 156.3， 
158.0’ 160.5, 160.8 and 172.5; m/z (+LSIMS) 1965 (M+，10%). Anal. Found: C 65.12, 
H 7.22, N 1.36. C107H140N2O22Br2 requires C 65.37, H 7.18，N 1.42. 
G2^'NH(CH2)2Br 119. This was prepared from G2*-NH(CH2)2OH 115 and 
purified by flash chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to 3/2) to 
affOTd G2^'NH(CH2)2Br 119 (77%) as a white foam; Rf 0.29 (hexane/ethyl acetate = 
2/1)； [a]22 .32.4 (c 1.76 in CH2CI2)； ”max(film)/cm-l 3401 (NH), 1670 (C=0); Sn 1.28 
(72H, s, 8 t-Bu), 1.48 (48H, s, 16 CH3), 2.10-2.30 (12H, m, 6 OCH2CH2CH2O), 3.23 
(4H, s, 2 ArCH2Q, 3.30 (4H, t, J 6.0, 2 BrC//2), 3.56 (4H, q, J 5.9, 2 CH2NH), 4.00-
4.20 (56H, m, 6 OCH2CH2CH2O and 8 OCH2CHCHCH2O), 4.20-4.40 (16H, m, 8 
OCH2C//CHCH2O), 6.08 (6H, s, 2 phloroglucinolic units), 6.14 (12H, s, 4 
phloroglucinolic units), 6.77 (4H, d, / 8.6，ArH), 6.86 (16H, d, J 8.9，ArH), 7.04 (4H, 
d, / 8.6, ArH), 7.28 (16H, d, J 8.8, ArH), 7.60 (2H, t, J 5.8, 2 NH); 5c 27.0, 29.2， 
31.1，31.4, 34.0, 41.4，43.2, 59.3, 64.5, 68.7，68.8, 76.8, 77.1, 94.4，94.6，94.9， 
110.2，114.2, 114.5, 126.1, 128.2, 130.4，143.9, 156.3, 158.0，160.4，160.7 and 
172.4. Anal. Found: C 67.54’ H 7.44，N 0.74. C211H276N2O46Br2 requires C 67.83, H 
7.45, N 0.75. 
General procedurefor synthesis ofchiral dendritic bis(oxazoline)s (Gn^, n = 0-2) 109-
111. To a solution of individual chiral dendritic bis(bromide) Gn*-NH(CH2)2Br (0.1 
mmol) in a solvent mixture ofEtOH-THF (10 mL, 1:1 v/v) was added sodium hydroxide 
solution (10.0 mol equiv., 1 M). The mixture was stirred under reflux for 12 h and water 
(10 mL) added after cooling to room temperature. The aqueous phase was extracted with 
ethyl acetate (3 x 20 mL) and the combined organic layers washed with brine, dried 
(Na2SO4) and filtered. Concentration of the filtrate gave a crude pale yellow oily 
substance. The crude product was purified as described in the foUowing text. 
Q0* 109. This was prepared from GO*-NH(CH2)2Br 117 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 1/5 gradient to ethyl acetate) to give 
Q0* 109 (92%) as a white foam; R{ 0.38 (ethyl acetate); [a]o -37.3 (c 1.89 in CH2CI2)； 
0)max(film)/cm-l 1656 (C=N); 5n 1.29 (18H, s, 2 t-Bu), 1.50 (12 H, s, 4 C//3> 3.23 (4H, 
s, 2 ArCH2C), 3.79 (4H, t, J 9.5，2 C _ ) ’ 4.10-4.19 (8H, m, 2 OCH2CHCHCH2O), 
4 20 (4H, t, J 9.7, 2 OCH2CH2N), 4,25-4.35 (4H, m, 2 OCH2CHCHCH2O), 6.69 (4H, 
d，J 8.3, ArH), 6.88 (4H, d, J 8.6, AvH), 7.14 (4H, d, / 8.6, ArH), 7.30 (4H, d, J 8.8, 
ArH); 8c 27.0, 31.4, 34.0，39.1, 48.7, 54.2, 67.3, 68.7, 76.9, 110.2, 114.1, 126.2， 
129.4, 131.2, 143.9, 156.3，157.4 and 167.3; m/z (ESI) 920 (M+H+, 100%). Anal. 
Found: C 71.31, H 7.67, N 3.00. C55H70N2O10 requires C 71.83，H 7.68, N 3.05. 
G7* 110. This was prepared from Gl*-NH(CH2)2Br 118 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 1/1 gradient to 1/3) to give Gi* 110 
(83%) as a white foam; Rf 0.25 (hexane/ethyl acetate = 1/2); [aJo -37.5 (c 1.46 in 
CH2Cl2); )^max(filrn)/cm-l 1656 (C=N); 5n 1.29 (36H, s, 4 t^Bu), 1.49 (24H, s, 8 CH3), 
2.21 (4H, quin, J 5.9, 2 OCH2CH2CH2O), 3.22 (4H, s, 2 ArCH2C), 3.79 (4H, t, J 9.4， 
2 OT2N), 4.00-4.19 (24H, m, 4 OCH2CHCHCH2O and 2 OCH2CH2CH2O), 4.21 (4H, 
t, J 9.4, 2 OCH2CH2N), 4.25-4.40 (8H, m, 4 OCH2CHCHCH2O), 6.15 (6H, s, 2 
phloroglucinolic units), 6.80 (4H, d, J 8.6，ArH), 6.86 (8H, d, J 8.9, Ar//), 7.13 (4H, d, 
j 8.6，ArH), 7.29 (8H, d, J 8.9’ ArH); 5c 27.0, 29.3, 31.5, 34.0, 39.2, 48.9，54.3, 
64.4, 64.7，67.3, 68.7，68.8, 76.8，77.1，94.5, 94.8, 110.3，114.1, 126.2，129.0’ 
131.2，144.0，156.3, 157.7, 160.4, 160.8 and 167.4; m/z (+LSIMS) 1804 (M+H+, 
80%). Anal. Found: C 71.44，H 7.73, N 1.54. C107H138N2O22 requires C 71.23, H 
7.71, N 1.55. 
G2* 111. This was prepared from G2*-NH(CH2)2Br 109 and purified by flash 
chromatography on silica gel (hexane/ethyl acetate = 2/1 gradient to 1/1) to give G2* 1 1 1 
(93%) as a white foam; Rf 0.30 (hexane/ethyl acetate = 1/1); [a]o _42.0 (c 1.87 in 
CH2Cl2); Dmax(film)/cm-l 1650 (C=N); 5« 1.28 (72H, s, 8 t-Bu), 1.48 (48H, s, 16 CH3), 
2.18 (12H, quin, / 5.9, 6 OCH2CH2CH2O), 3.21 (4H, s, 2 AK://2Q, 3.77 (4H, t, J 9.5’ 
2 c//2N), 4.00-4.25 (60H, m, 8 OCH2CHCHCH2O, 6 OCH2CH2CH2O and 2 
OCH2CH2N), 4.25-4.40 (16H, m, 8 OCH2CHCHCH2O), 6.09 (6H, s, 2 
phloroglucinolic units), 6.14 (12H, s, 4 phloroglucinolic units), 6.80 (4H, d, J 8.7, ArH), 
6.86 (16H, d, J 8.8，ArH), 7.13 (4H, d, J 8.6’ ArH). 7.29 (16H, d, J 8.9, ArH); 5c 
27.0, 29.3，29.4, 31.5, 34.0，39.3, 48.9，54.3, 64.6，64.7，67.4，68.8，68.9, 76.8，77.1， 
94.5, 94.6，94.9，110.3, 114.2，126.2, 129.1, 131.2, 144.0, 156.3, 157.8, 160.5, 160.8 
and 167.4; m/z (+LSIMS) 3574 (M+H+, 37%). Anal. Found: C 71.09, H 7.64, N 0.77. 
C2ilH274N2O46 requires C 70.90, H 7.73，N 0.78. 
N，N,-Bis(2-bromoethyl)-2,2-di(4-benzyloxybenzyl)-l,3-propanediamide (120). To a 
solution of the di-alcohol 89 (3.00 g, 5.16 mmol) and triphenylphosphine (4.10 g, 15.7 
mmol) in dry THF (25 mL) under nitrogen at 0 °C was added carbontetrabromide (5.20 g, 
15.7 mmol). The reaction mixture was raised to room temperature and stirring was 
continued for 3 h. Concentration of the mixture to near-dryness followed by addition of a 
solvent mixture of hexane-ethyl acetate (5:1 v/v) effectively precipitated most of the 
triphenylphosphine oxide. The mixture was filtered through a pad of silica gel, and 
washed with the aforementioned solvent mixture. The combined filtrates were evaporated 
in vacuo to give a pale yellow oil. The crude product was then purified by flash 
chromatography (hexane/ethyl acetate = 3/1) to give the title compound 120 (3.0 g, 82%) 
as a white solid, m.p. 127-129 °C; /^ f0.30 (hexane/ethyl acetate = 2/1); 0)max(film)/cm-l 
3346 (NH), 1667 (C=0); 5n 3.26 (4H, s, 2 ArCH2C), 3.29 (4H, t,/4.1, 2 C//2Br), 
3.57 (4H, q，J 5.9, 2 NHOT2), 5.01 (4H, s, 2 PhCH2O), 6.85 (4H, d, J 8.6, ArH), 7.07 
(4H, d, J 8.6, ArH), 7.30-7.50 (lOH, m, 2 PhCU2O). 7.68 (2H, t, / 5.6，2 NH); 5c 
31.3，41.4, 43.1, 59.3, 70.0, 114.8，127.4, 127.9, 128.4, 128.5, 130.5, 137.0, 157.9 
and 172.5; m/z (+LSIMS) 709 (M+H+, 100%). Anal. Found: C 59.22, H 5.12, N 3.95. 
C35H36N2O4Br2 requires C 59.34, H 5.12, N 3.95. 
2，2�[l-(4-Benzyhxybenzyl)-2-(4-benzyloxyphenyl)ethylidene�bis-4’5-dihydrooxazole 
(121). To a solution of the di-bromide 120 (2.30 g, 3.25 mmol) in a solvent mixture of 
EtOH-THF (40 mL, 3:1 v/v) was added sodium hydroxide solution (25 mL, 0.5 M). The 
mixture was stirred under reflux for 12 h and water (20 mL) added after cooling to room 
temperature. The aqueous phase was extracted with ethyl acetate (3 x 40 mL) and the 
combined organic layers washed with brine, dried (Na2SO4) and filtered. Concentration of 
the filtrate gave a crude pale yellow oily substance which was then purified by flash 
chromatography (hexane/ethyl acetate = 1/2 gradient to ethyl acetate) followed by 
recrystallization from hexane-ethyl acetate (5:1 v/v) to give the bis(oxazoline) 121 (3.0 g, 
82%) as a pure white solid, m.p. 160-162�C; /?f0.29 (hexane/ethyl acetate = 1/3); 
Drnax(film)/cm-l 1659 (C=N); Sn 3.23 (4H, s, 2 ArCH2Q, 3.79 (4H, t, J 9.5, 2 
NHC//2)，4.21 (4H, t, J 9.5, 2 CH2OH), 5.03 (4H, s, 2 PhCH2O), 6.88 (4H, d, J 8.7， 
ArH), 7.14 (4H, d, J 8.6, ArH), 7.30-7.50 (lOH, m, 2 P/1CH2O); 5c 38.9, 48.7’ 54.2, 
67.3, 69.9，114.4，127.4, 127.9，128.5, 129.1, 131.2，137.1，157.6, 167.4; m/z ¢1) 546 
(M+，0.1%), 348 (M+ - C7H7 - C7H7O, 50), 155 (9)，91 (70)，57 (100). Anal. Found: C 
76.68，H 6.26，N 5.05. C35H34N2O4 requires C 76.90’ H 6.27，N 5.12. 
2，2，-[i-(4-Hydroxybenzyl)-2-(4-benzyhxyphenyl)ethylidene�bis-4’5-dihydrooxazole 
(122). A suspension of bis(oxazoline) 121 (120 mg, 0.22 mmol) and 10% palladium-on-
charcoal (20 mg) in absolute ethanol (20 mL) was stirred under an atmospheric pressure of 
hydrogen at room temperature. After 8 h, the suspension was filtered through a pad of 
Celite and the filtrate concentrated. The residue was recrystallized from absolute ethanol to 
provide the di-hydroxyl bis(oxazoline) 122 (48 mg, 60%) as a white crystalline solid, 
m.p. > 280�C; Rf0.55 (ethan0ly^ t3N = 10/1); l)max(KBr)/crn-l 3300-2800 (OH), 1654 
(C=N); Sn (d6-DMSO) 2.93 (4H, s, 2 ArCH2Q, 3.62 (4H, t, J 9.4, 2 NHCH2), 4.15 
(4H, t, J 9.4, 2 CH2OH), 6.65 (4H, d, J 8.3, ArH), 6.94 (4H, d, J 8.3, ArH), 9.26 (2H, 
br s, 2 OH); 5 c (d^-DMSO) 37.9, 48.1’ 53.8, 67.1，114.9，126.7，131.3，156.1 and 
166.5; m/z (EI) 366 (M+, 2%), 259 (M+ - C7H7O, 100), 215 (19)，188 (24)，167 (12), 
107 (66)，77 (19). Anal. Found: C 68.77, H 6.14，N 7.63. C21H22N2O4 requires C 
68.84，H 6.05, N 7.65. 
G3* 112. A mixture of the dihydroxy-bis(oxazoline) 122 (7.0 mg, 0.019 mmol), 
G3*-Br 72 (150 mg, 0.044 mmol) and cesium carbonate (40.0 mg, 0.12 mmol) in DMF 
(4 mL) was stirred at 100�C for 4 d. The mixture was diluted with water (5 mL) and 
extracted with ethyl acetate (3 x 15 mL). The combined organic layers were washed with 
brine, dried (Na2SO4) and filtered. Concentration of the filtrate gave a crude pale yellow 
oily substance. The crude product was purified by flash chromatography on silica gel 
(hexane/ethyl acetate = 1/1 gradient to 1/2) to provide GJ* 112 (40 mg, 29%) as a white 
foam; Ri 0.40 (hexane/ethyl acetate = 1/2); [«澄-37.1 (c 1.00 in CH2CI2)； 5n 1.27 
(144H, s, 16 t-Bu), 1.48 (96H, s, 32 CH3), 2.10-2.30 (28H, m, 14 OCH2C//2CH2O), 
3.21 (4H, s, 2 ArCH2C), 3.75 (4H, t, J 9.2，2 C//2N), 3.85-4.25 (124H, m, 16 
OCH2CHCHCH2O, 14 OCH2CH2C//2O and 2 OCH2CH2N), 4.25-4.40 (32H, m, 16 
O C H 2 C H C / / C H 2 O ) , 6.13 (18H, s, 6 phloroglucinolic units), 6.20 (24H, s, 8 
phloroglucinolic units), 6.79 (4H, d, J 8.7，ArH), 6.85 (3 H, d, J 8.8, Ar//), 7.13 (4H, d, 
j 8.4，ArH\ 7.28 (32H, d, J 8.8, ArH); 5c 27.0, 29.2, 31.5, 34.0，39.3, 54.2’ 64.6， 
67.3, 68.6，68.8, 76.7, 94.1, 94.6, 110.4’ 114.0, 126.2, 128.2, 131.2, 143.9，156.2， 
157.7，160.3, 160.7 and 167.3. Anal. Found: C 70.87’ H 7.92, N 0.10. 
C419H546N2O94 requires C 70.73, H 7.74，N 0.39. 
General procedurefor Diels-Alder reaction of Cp and crotonyl imide 103 using chiral 
dendritic Cu(II) complexes as catalysts, A mixture of individual chiral metal complex 
(0.03-0.05 mol equiv.), crotonyl imide 103 (1.0 mol equiv.) and Cp (10 mol equiv.) in 
anhydrous CH2Cl2 was stirred at 25.010.1 °C until the completeness of the reaction as 
detected by gas chromatography. The mixture was filtered through a pad of silica-gel and 
the residue washed with CH2Cl2. The combined filtrates were concentrated and the residue 
purified by flash chromatography on silica-gel (hexane/ethyl acetate = 3/1) to afford the 
Diels-Alder c y c l o a d d u c t s .82 The enantiomeric excess of the endo cycloadduct was 
determined by chiral HPLC: chiralcel OD column, 98% hexane/2-propanol, 1 mUmin, 254 
nm detection, 23 °C: retention times, 38 and 41 min. 
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